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Abstract 
A route to C-gylcosides and C-disaccharides with functionalised linkages has 
been investigated. This convergent strategy involves cycloaddition of selected 
alkenes and sugar derived nitrile oxide moieties. The resultant 2-isoxazolines can be 
modified and subsequently ring opened to afford compounds with carbonyl or amino 
containing linkages. 
The alkenes selected for study were two 0)-unsaturated monosaccharide 
derivatives: 5,6-dideoxy- 1 ,2-O-isopropylidene-a-D-xylo-hex-5-enofuranose (106) 
and methyl 5 ,6-dideoxy-2,3 -O-isopropylidene-a-D-/yxo-hex-5 -enofuranoside (109). 
Styrene, oct-i -ene and methylenecyclohexane were also studied as models. Four 
sugar based nitrile oxides were investigated in cycloadditions to these alkenes, based 
on D-glucose, D-galactose, D-mannose and L-fucose. 
Three complementary cycloaddition procedures were developed and 
evaluated: the dehydration of 2,6-anhydro- i -deoxy- i -nitroalditols, the hypochiorite-
mediated oxidative dehydrogenation of pyranosyl oximes (116) and (117), and the 
dehydrochiorination of pyranosyl hydroximoyl chloride (118); The oximes and 
hydroximoyl chloride compounds were synthesised from the corresponding 
pyranosylnitromethanes. Reactions involving the sugar oximes typically resulted in 
variable yields of the by-product furazan N-oxide (ftiroxan) in addition to the 
cycloadducts, depending on the dipolarophile reactivity. In contrast, uniformly high 
yields of cycloadducts (70-90%) were obtained from the nitromethyl compounds and 
hydroximoyl chloride with a range of dipolarophiles; little or no nitrile oxide 
dimerisation was observed in these reactions. 
Vii 
In all cases additions to sugar derived alkenes proceeded with it-facial 
selectivity (42-66% d.e.). In each instance the major adduct possessed R-
configuration at the newly formed chiral centre (C-5), corresponding to an erythro 
relationship with C-4. Confirmation of structure was obtained by X-ray 
crystallography of selected isoxazoline cycloadducts (144) and (149). The selectivity 
obtained can be explained in terms of the "inside alkoxy effect" proposed by Houk 
and the "homoallylic" modification of De Micheli et al. As expected, model 
cycloadditions to styrene and oct-i -ene exhibited low diastereoselectivity. 
Deprotection of selected 2-isoxazolines gave near quantitative yields of the 
corresponding deacetylated heterocycles. Finally, Raney-Nickel catalysed reductive 
hydrolytic cleavage of (5R)-5-(3 -O-benzoyl- 1 ,2-O-isopropylidene-a-D-xylo-
tetrofuranos-4-yl)-3 -(2,3 ,4,6-tetra-O-acetyl-f3-D-glucopyranosyl)-2-isoxazoline (149) 
afforded 8,1 2-anhydro-3 -0-benzoyl-6-deoxy- 1 ,2-O-isopropylidene-9, 10,11,13 -tetra-
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I 	INTRODUCTION 
The research discussed in this thesis is concerned with the application of 
nitrile oxide / isoxazoline chemistry to the synthesis of carbon-linked glycosides and 
disaccharides, with particular emphasis upon the study and development of the key 
1,3-dipolar cycloaddition stage. These compounds are of widespread interest due to 
their structural similarity to natural sugars, offering potential uses as glycosidase 
inhibitors. In this introduction three main topics are covered. Firstly a brief 
overview of 1,3-dipoles is presented together with the chemistry of nitrile oxides and 
isoxazolines. Secondly, glycosidases and uses of inhibitors of these enzymes are 
described. Finally other approaches to carbon-linked glycosides and disaccharides 
are reviewed. 
1.1 	1,3-Dipolar Cycloaddition Chemistry 
Since 1,3-dipoles were first classified by Huisgen', a great deal of work has 
been carried out in this area. The following pages offer only a brief overview of this 
class of compounds, due to the volume of chemistry covered in this field. Further 
coverage of the subject can be found in Padwa's comprehensive "1,3-Dipolar 
Cycloaddition Chemistry".' More specific treatment of nitrile oxides can be obtained 
from "The Nitrile Oxides"' by Grundmann and GrUnanger, Torssell's text entitled 
"Nitrile Oxides, Nitrones and Nitronates in Organic Synthesis"' and from a more 
recent review "Recent Advances in Synthetic Applications of Nitrile Oxide 
Cycloadditions"5 by Kanemasa and Tsuge. 
1 
1.1.1 	1,3-Dipoles 
1,3-Dipoles are defined as three atom four it-electron systems which are 
isoelectronic with heteroallyl anions, but with no net charge. They are commonly 
represented by Zwitterionic octet structures of type (1), but are more accurately 
described as a hybrid of all possible resonance forms (Scheme 1, for a nitrile oxide) 
R—CEN—O 	 R —CN
+ 
 0 	 R — C=N—O 
1 	 2 	 3 
R — CN—O 	 R-6 —N0 	 R-CN-O 
6 	 5 	 4 
Scheme 1 
The main resonance forms are the octet structures (1) and (2) which 
probably contribute most to the hybrid, followed by the sextet structures (3) and (6), 
the diradical (4) and the carbene form (5). 
1,3-Dipoles may be divided into two distinct structural types: the allyl type 
(7) which have a bent structure and the propargyl-allenyl type (8) which are linear 
due to the presence of an additional orthogonal it-bond (Figure 1). 
+ 
b 	 + - 
ab—c 
a 	C 
7 	 8 
Figure 1 
2 
A selection of common 1,3-dipoles are 
Allyl Type 
R2C=O—CR2 	Carbonyl Ylides 	R 2  C 
+- 
R2C=O—NR 	Carbonyl Imides 	R 2  C 




=NR—NR 	Azomethine Imides 
R2C=O—O 	Carbonyl Oxides 	R2C=NR—O 	Nitrones 
Propargyl-Allenyl Type 
Nitrilium Betaines 	 Diazonium Betaines 
RC=N—O 	Nitrile Oxides 	NEN—CR2 	Diazoalkanes 
RCEN—S 	Nitrile Sulfides 	NEN—NR 	Azides 
+ -  RCEN—CR2 	 N Nitrile Ylides 	EN 
+— - 
	
O 	Nitrous Oxide 
Table 1 
1.1.2 	1,3-Dipolar Cycloadditions 
The most widely used reaction of 1,3-dipoles is their [3+2] cycloaddition to 
multiple bond containing compounds (dipolarophiles) to form 5-membered 
heterocycles (Scheme 2). Examples of commonly employed dipolarophiles include 
alkenes, alkynes, nitriles and carbonyls. 
3 
+ 	- 
a = b - c 
+ 





The mechanism of 1,3-dipolar cycloadditions has long been a point of 
debate. The three main mechanisms put forward are single step concerted, stepwise 
diradical and stepwise dipolar processes (Scheme 3). 
+ 












The mechanism that is now generally accepted for the cycloaddition 
reactions of 1,3-dipoles is that put forward by Huisgen. 6 This involves a 




d = e 
Scheme 4 
Huisgen proposed that the reaction proceeds via a parallel-planes orientation 
complex which permits the ic-orbitals of the reactants to overlap, creating the two 
new or-bonds of the product (Figure 2). Propargyl-allenyl type dipoles must bend in 





The most significant evidence in favour of this mechanism is that the 
addition proceeds with retention of configuration of the reactants. The large negative 
entropy of activation obtained experimentally for the cycloadditions suggests a 
highly ordered transition state, as would be expected with the orientation complex 
associated with a concerted reaction. Solvent polarity is also found to have little 
effect on the rate of addition, which is inconsistent with a zwitterionic intermediate 
and points to a concerted process with no charged intermediate. 
1.1.3 	Frontier Molecular Orbital Theory of 1,3-Dipolar Cycloadditions 
Frontier molecular orbital (FMO) theory can be used to provide an 
explanation for both reactivity and regioselectivity observed during 1,3-dipolar 
cycloaddition reactions. During formation of the transition state the major 
interactions arise from the overlap of the FMO's of the reactants. This consists of 
overlap between the highest occupied molecular orbital (HOMO) of one reactant 
with the lowest unoccupied molecular orbital (LUMO) of the other reactant. A 














The rate of a 1,3-dipolar cycloaddition reaction is dependent on the 
stabilisation energy (AE) obtained upon overlap of the reactants FMO's (Figure 3). 
The larger the energy gap between the FMO's, the smaller the FMO overlap and 
therefore AE and the rate of reaction will be lower. 
Sustmann' 1 has classified 1,3-dipolar cycloadditions into three types based 
upon their FMO interactions (Figure 4). In each system it is the HOMO-LUMO 
interaction which gives the greater stabilisation energy that results in the dominant 
interaction. Type I reactions are dipole HOMO controlled, Type II are dipole 
HOMO and LUMO controlled and Type III are dipole LUMO controlled. Using this 
classification it is possible to qualitatively predict the effect of substituents on 
reaction rates. Electron donating and conjugating groups on the dipole and electron 
withdrawing and conjugating groups on the dipolarophile give an increase in rate for 
In 
N 
N6 69 1 M61 
7 
a Type I system. These substituents have an opposite effect in Type III reactions. In 

























Frontier Molecular Orbital theory has also been used to explain the 
regioselectivity observed during 1,3-dipolar cycloadditions. In the simplified case of 
addition of the allyl anion to ethene (Figure 3), orbital sizes were considered to be 
identical. Introduction of heteroatoms into the dipole and dipolarophile, however, 
result in varying sizes of orbitals. Regioselectivities can be predicted from orbital 
coefficients using the rule" that the dominant interaction is that in which the 
maximum orbital overlap is obtained. This results in the major regioisomer forming 






1.1.6 	Stereos electivity 
As previously discussed the 1,3-dipolar cycloaddition reaction proceeds 
with retention of the dipolarophile's stereochemistry. Each regioisomer can however 
give rise to two possible stereoisomers, resulting from attack on each distinct face of 
the incoming dipole (Scheme 5). Stereochemical control is normally the result of 
steric factors, with the dipole approaching from the least hindered face. 




R 2 	R3 	 R2 	R3  
R 2 	R 3 	 Ra \c 	R a 'c 
R3 	R2 	 R3 	R2 
Scheme 5 
	
1.1.7 	Nitrile Oxides 
Nitrile oxides (9) are members of the nitrilium betaine family of propargyl-
allenyl 1,3-dipoles. Most members of the series have the fulmido group (-CNO) 
bonded to carbon, although the parent compound, formonitrile oxide (H-CNO) is an 




Nitrile oxide chemistry has a long history" extending back to the first 
preparation of formonitrile oxide in 1800. Benzonitrile oxide, one of the most 
commonly used members of the family, was generated in 1886. Application of these 
compounds in 1,3-dipolar cycloadditions was studied by Huisgen in the 1950's and 
has since led to a great deal of widespread interest. In recent years nitrile oxide 
chemistry has been used by Curran", Jager", Kozikowski' 6, Torssell' 7 and numerous 
others as a powerful and versatile tool in natural product synthesis. 
1.1.8 	Generation of Nitrile Oxides 
Due to the reactivity of the nitrile oxides and their tendency to dimerise, 
generation is typically carried out in situ at low concentration with an excess of 
dipolarophile. Examples of isolable nitrile oxides such as (10)18,  (11)' and (12) are 














The common preparative routes to nitrite oxides are summarised in Scheme 
6. One of the most widely used methods of generation is the Mukaiyama 2° 
dehydration of a primary nitro compound (13) using an isocyanate as a dehydrating 
agent and a catalytic amount of base. Alternative dehydrating agents have also been 
reported with varying success, including acid chlorides", acid anhydrides 22 , 
phosphorous oxychloride 23 and p-toluenesulfonic acid. 24 
An equally important method is the dehydrohalogenation of hydroximoyl 
halides (14), commonly carried out by treatment with base 21  (Et3N), potassium 
fluoride 21  or by heating in an inert solvent 27 ' 28 
One-pot conversions of the aldoxime (15) to the nitrile oxide via the 
hydroximoyl halide have also been reported using alkaline sodium hypochlorite. 29 
More commonly the aldoximes are first converted to the corresponding hydroximoyl 
halide using either chlorine gas" or milder methods (e.g. NCS 31 ), followed by 
dehydrochlorination with base. 
Finally, the thermal cycloreversion32 ' 33 ' 34 of furoxan dimers (16) has also 

















1.1.9 	Reactions of Nitrile Oxides 
Due to their high reactivity nitrile oxides participate in a variety of 
reactions" ,", which are outlined in Scheme 7. 
With no dipolarophile present the nitrile oxides can undergo two possible 
reactions. Firstly they can dimerise to give furoxans (1 ,2,5-oxadiazole-2-oxides) 
(16). 1 ,2,4-oxadiazole-4-oxides (17) and 1 ,4,2,5-dioxadiazines (18) are less common 
dimers sometimes observed. Depending on reaction conditions, furoxans are also 
observed as a by-product during cycloaddition reactions. The second possibility is 








Nucleophilic attack at the carbon atom of the nitrile oxides by compounds 
containing an acidic hydrogen yields substituted oximes (20). 
The most synthetically useful reaction of nitrile oxides is their 1,3-dipolar 
cycloaddition to double (C=C, C=N, C=O, C=S) or triple bonds (CC, CN) to give 
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1.1.10 Nitrile Oxide Cycloadditions to Alkenes 
One of the most widely used reactions of nitrile oxides is their 1,3-dipolar 
cycloaddition to alkenes to yield 2-isoxazolines. Dipolarophiles which are mono- or 
1,1 -disubstituted normally proceed regiospecifically to give 5-substituted adducts. 
Introduction of a strong electron withdrawing group, however, can result in a mixture 
of 5- and 4-substituted-2-isoxazolines. 1 ,2-Disubstituted alkenes react with retention 
13 
of stereochemistry to yield a mixture of regioisomers. More highly functionalised 
alkenes often prove to be much less reactive. 
Application of FMO theory can be used to explain the regioselectivity 
observed in these reactions. For dipolarophiles with conjugating (C) or electron 
donating (D) groups the dominant interaction is HOMO-dipolarophile / LUMO-
dipole (Sustmann type III). Electron withdrawing (W) groups lower both the HOMO 
and LUMO. This results in the LUMO-dipolarophile / HOMO-dipole interaction 
becoming much more significant (Sustmann type II) and an increase in 4-substituted 
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1.1.11 Synthetic Applications of Nitrite Oxide/ Isoxazoline Chemistry 
Nitrite oxide cycloadditions have long been of interest in the synthesis of 5-
membered heterocycles. In recent years the wider synthetic use of this chemistry has 
received attention. 17  One of the main points of interest is in the various masked 
functionalities 38 that the heterocycle represents, together with methods of accessing 
these compounds. As a result of this work the nitrite oxide / isoxazoline route to 







R" ) R 
Modification 
RI) (' R' 
Ring Opening 
0 OH 	 NH 2  OH 
R1R' 	 R('R 
Scheme 8 
15 
The first stage of this methodology is the 1,3-dipolar cycloaddition of a 
nitrile oxide to an alkene. This offers a reliable method of carbon-carbon bond 
formation with predictable regio- and stereochemistry, often from readily available 
precursors. The second optional step is modification of the heterocyclic ring. 
Jager39 ' 4° has developed a method of substituting at the 4-position of the isoxazoline, 
involving deprotonation by treatment with base, followed by reaction of the resultant 
anion with an electrophile (Scheme 9). The 4-substituted isoxazoline is obtained 
stereoselectively with the electrophile approaching from the less hindered face. At 
this stage modification of the substituents is also possible, with the isoxazoline ring 
stable to a wide range of reagents. 
L 
R1 	 R2 	 R1' '"R2 
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Scheme 9 
The final stage of the route is ring cleavage of the isoxazoline to release a 
variety of masked functionalities (Scheme 10). 
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One of the most important latent functionalities contained in the isoxazoline 
ring is the 3-hydroxy ketone", obtained via reductive hydrolytic cleavage. This 
offers a synthetic alternative to the aldol condensation, which creates a different 
carbon-carbon bond linkage (Figure 7). Problems commonly associated with aldol 
reactions such as cross and self aldol side reactions, reversibility and non-selective 




Cycloaddit 	R ion Aldol 
Figure 7 
Ring opening of 2-isoxazolines to -hydroxy ketones can be accomplished 
by a variety of methods, proceeding via hydrolysis of an imine intermediate. The 
most widely used of these is catalytic hydrogenation with Raney Nickel or palladium 
on charcoal under acidic conditions. Other reagents used include molybdenum 
hexacarbonyl 41 , ozone 12  and titanium trichloride.' 7 1,3-Diols and a-enones can be 
accessed from the 3-hydroxy ketone by reduction and dehydration respectively. 
The 7-amino alcohol can be generated by non-aqueous hydrogenation" or 
reductive non-hydrolytic cleavage with lithium aluminium hydride. With the latter 
method, Jager44 has developed a stereoselective route to 7-amino alcohols, although 
the diastereoselectivity observed is heavily dependent on the substituents present on 
the isoxazoline ring. 
Reaction of nitrile oxides with alkynes or oxidation of 2-isoxazolines both 
yield isoxazoles, from which 1,3-diketones and 0-keto nitriles can be obtained. 45 
Finally, the 3-hydroxy nitrile may be obtained by base deprotonation of 3-




Glycoside hydrolases (glycosidases) are enzymes which catalyse the 
hydrolysis of glycosidic linkages in oligo- and polysaccharides, and in complex 
carbohydrates such as glycolipids and glycoproteins. Due to their role in the intra-
and extra-cellular processes of most organisms they have received a great deal of 
study in recent years. 
1.2.1 	Mechanism of Hydrolysis 
The classification" of glycoside hydrolases is based on several criteria: the 
anomeric configuration of the substrate, whether the configuration at the anomeric 
position is retained or inverted upon hydrolysis and whether the substrate is a 
pyranose or furanose ring. However, in each case glycosidase reactions can be 
considered as nucleophilic substitutions at the saturated carbon of the anomeric 
centre. 
The mechanism originally proposed by Koshland to explain the action of 
inverting or retaining hydrolases are still generally accepted today. Retaining 
glycosidases are believed to act via a double displacement mechanism involving 
three steps (Scheme 11). The first step is protonation of the glycosidic oxygen by an 
enzymic acid catalyst group, followed by displacement of the glycone by an enzyme 
bound carboxylate anion to form a covalently bonded intermediate (23). Water then 
attacks the anomeric centre and displaces the carboxylate group. Both of these stages 








Inverting glycosidases are thought to act via the Koshland single 
displacement mechanism (Scheme 12). This involves protonation of the glycosidic 
oxygen followed by displacement of the glycone by attack of water, proceeding 
through a glycosyl cation-like transition state. Unlike the double displacement 




1.2.2 	Glycosidase Inhibitors 
Over recent years a number of inhibitors of glycosidases have been 
synthesised, as well as isolated from natural sources. These compounds have been 
reviewed by Elbein48 and Winchester49 ' 50, so only a selection of examples are 
discussed here. 
A class of compounds that have exhibited potent and reversible inhibition of 
glycosidases are the azasugars. 48 ' 49 These are compounds in which the oxygen in the 
furanose or pyranose ring is replaced by nitrogen. Included in this group are 
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monocyclic polyhydroxylated piperidines and pyrrolidines as well as bicyclic 
polyhydroxylated indolizidines and pyrrolizidines. 5 ' 
The first azahexose to be discovered was nojirimycin 52 (24). This 
piperidene analogue of D-glucose (25) was subsequently found to be a glucosidase 
inhibitor. The 1 -deoxy analogues of the pyranose azasugars have proven to be even 
more effective inhibitors of their corresponding glycosidases (e.g. 1- 



















The bicyclic azasugars, which also bear a structural resemblance to the 
natural substrates, have also proven to be powerful inhibitors. For example, 












Schmidt et al. 53 have synthesised a diastereomeric pair of amino-substituted 
13-benzyl-C-glycosides (29) and (30) which have shown biological activity. 
Inhibition studies have shown compound (29) to have an activity similar to 1-
deoxynojirimycin (26). In contrast, the other isomer (30) was found to possess an 
activity two orders of magnitude lower. 
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1.2.3 	Mode of Action of Glycosidase Inhibitors 
The reversible inhibitors are considered to function by mimicking the 
glycosyl cation-like transition state. Since the inhibition is known to be pH 
dependent, it has been postulated that the protonated inhibitor forms an ion-pair with 
the carboxylate group present in the glycosidase active site. Schmidt suggests that 
the azasugars inhibitory action is due to their similarity to the substrate or 
intermediate in the mechanistic pathway, and that the interaction of the acid groups 
of the active site with the amine nitrogen stabilises the glycosyl cation. 
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1.2.4 	Applications of Glycosidase Inhibitors 
1.2.4.1 Anti-Cancer 
During cancer treatment a great deal of importance is placed upon 
prevention of secondary tumours, as well as elimination of the primary tumour (e.g. 
by radiotherapy or surgery). The process by which cancer cells invade the blood 
vessels or lymphatic system, and are transported round the body to set up secondary 
tumours, is termed metastasis. Cancerous cells are known to be more heavily 
glycosylated than normal and it is believed that this is linked to the metastic 
capability of the tumour. 14  It is therefore hoped that inhibitors of trimming 
glycosidases may prevent the metastic process by blocking the synthesis of large N-
linked glycans associated with cancer cells. Defects in the Asn-linked 
oligosaccharides, for example, are thought to increase the susceptibility of the cell to 
lysis by natural killer cells. 55 ' 56 Swainsonine57 (28), a marmosidase inhibitor, has 
shown in vitro and in vivo inhibition of Asn-linked oligosaccharides, successfully 
blocking metastasis of melanoma and lymphoid tumour cells in mice. 
1.2.4.2 Diabetes and Anti-obesity 
A number of compounds that inhibit intestinal disaccharides 58 ' 59 have been 
synthesised or isolated from natural sources. The use of these compounds to slow 
absorption of carbohydrates from the small intestine has raised a great deal of 
interest. Acarbose 6°  (31) has shown potential in the control of blood glucose levels in 
patients suffering from insulin-dependent diabetes. 6 ' 
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Inhibitors of intestinal disaccharidases also offer the possibility of obesity 
treatment. Sucrase / maltase inhibitor AO-128 12  (32) has been shown to reduce fat 
accumulation in the abdominal cavity, which is associated with circulatory 
difficulties. 
CH 2OH 







1.2.4.3 Insect Antifeedants 
In the agrochemical industry work has been carried out into the use of 
glycosidase inhibitors as selective insecticides. Inhibitors of intestinal 
disaccharidases are known to have toxic effects on specific insect species. 63 For 
example, DMDP (33) has exhibited selective toxicity for certain species of 
caterpillar. 
Amino-sugar compounds have been used to deter insects from feeding, 
therefore offering possible applications in crop protection. Castanospermine 63 (27) 
and DMDP64 (33) have both been found to act as locust antifeedants. 
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1.2.4.4 Other Applications 
Glycosidase inhibitors are used in a variety of roles in the field of 
enzymology. 49 Amino-sugars find applications during the isolation of 
glycoconjugates, preventing hydrolysis by completely or selectively blocking 
glycosidases present. 48 Reversible inhibitors have been fixed to chromatographic 
supports and used to separate glycosidases. 65 Selective glycosidase inhibitors have 
also been used to probe mechanistic pathways of glycosyl hydrolases. 
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1.3 	Synthesis of C-Glycosides and C-Disaccharides 
The first C-glycoside synthesis reported in 1950 by Hurd 66  utilised the 
reaction of Grignard reagents with tetracetyl glucopyranosyl chloride. Since this 
time a wide range of methodologies have been developed, offering access to 
modified sugars with high stereoselectivities. A number of review articles 67 have 
been published on this subject, therefore only a general overview of successful 
approaches, together with recent advances, is discussed here. 
The main step in C-glycoside and C-disaccharide synthesis is the formation 
of a new C-C bond. A number of synthetic routes involve the addition of a 
carbanion-like species to a sugar aldehyde (e.g. Wittig, Aldol and Nitroaldol 
reactions). Alternatives to these include radical additions and cycloadditions. 
1.3.1 	The Nitro-Aldol Approach 
A number of groups have employed the base or fluoride ion catalysed 
addition of nitrosugars to aldehydes as a method of linking two monosaccharide 








C-Disaccharide tunicamine (34) was prepared by Suami 68 as part of his work 
on the synthesis of the tunicamycin family of antibiotics. Base-catalysed additions of 
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a six carbon nitrosugar to a five carbon aldehyde", as well as fluoride ion catalysed 
addition of a five carbon nitrosugar to a six carbon aldehyde 7° were both investigated. 
The former case was found to exhibit low stereoselectivity, resulting in four 
products. The latter reaction was stereospecific but attempts to remove the nitro 
group proceeded non-stereoselectivity. 
OH 







Witczak7 ' has used this methodology in the synthesis of a linear (2--+4)- 
linked C-trisaccharide using a single carbohydrate precursor, levoglucosenone 72 ' 73 
(35) (Scheme 13). Coupling of aldehyde (36) with the Michael adduct (37) of 
levoglucosenone and nitromethane gave the functionalised bridged product (38). 
Subsequent radical denitration afforded the ethylene-linked C-trisaccharide (39). 
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(i) KF, CH 3CN, rt, 18h; (ii) Bu 3SnH, AIBN 
Scheme 13 
Martin and Lai 14  have synthesised -(1-->6) and 	3-(1--* 1)-linked C- 
disaccharides using a similar nitro-aldol route. In the synthesis of D-Glc-C-f3-(1--*6)- 
D-Gal derivative (44), they reacted a pyranosylnitromethane (40) with an aldehyde 
(41) to give the adduct (42) as a mixture of diastereomers (Scheme 14). Elimination 
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of acetic acid gave the nitroalkene (43) which was subjected to reduction, radical 






44 	OH OH 
(I) KF, CH 3CN, 18-crown-6; (ii) Ac20, Pyridine; (iii) NaBH 4 ; 
(iv) Bu3SnH, AIBN, i; (v) NaOMe, MeOH; (vi) Amberlite JR-120 (H), H 20,L 
Scheme 14 
Bednarski et al. 75 have recently employed this methodology, making use of 
C-glycosyl aldehydes (45) (Scheme 15). Reaction of this with nitrosugar (46) 
yielded the adduct (47). At this stage removal of the hydroxyl and nitro groups was 
accomplished by an alternative method to that reported by Martin and Lai. 74 
Conversion of the hydroxyl group in (47) to the corresponding phenyl thiocarbonate 
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ester (48), followed by elimination gave exclusively the trans-olefin (49). Finally, 
reduction and deprotection gave the target compound (50). 
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(i) KF, CH 3CN, 18-crown-6; (ii) n-BuLl, -78 0C, PlC-CI; 
(iii) Bu3SnH, AIBN; (iv) TsNHNH 2 , NaOAc; (v) Na, NH 3 (I) 
Scheme 15 
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1.3.2 The Wittig Approach 
The Wittig reaction, together with stereoselective olefinic bond 





3 + IC 
Figure 9 
Kishi76 ' 77 has applied this approach in the synthesis of (1—>4)-linked C-
disaccharides (Scheme 16). A Wittig condensation was used to synthesise alkene 
(51), which was converted to diol (52) by catalytic osmylation. The preferred 
formation of the diol is in accord with Kishi's observations" for osmylations, which 
predicts the major product will have an erythro relationship between a pre-existing 
hydroxyl and the new hydroxyl introduced at an adjacent carbon. Selectivities as 
high as 58:1 in favour of (52) were obtained by employing a chiral diamine 79 in the 
osmylation step. The second pyranose ring is then formed via a controllable 
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(i) n-BuLl, THF; (ii) 0s0 4 , N,N-bis(mesitylmethyl)-(R,R)-1,2-diaminoethane; (iii) MPM-Br, NaH 
Scheme 16 
A number of groups have employed the Wittig / osmylation approach. 
Jarosz80'8 ' have prepared several (6—>6)-linked C-disaccharides using this method, 
while Nicotra et al. 82 '83 have synthesised C-sucrose derivatives in a similar manner. 
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Armstrong and Teagarden 84 have applied the Wittig route to the preparation 
of a (1-4)-linked pseudo C-disaccharide, cc-methyl 1 ',2'-dideoxycellobioside (53), 
possessing a direct C-C link between the two pyranose ring systems. This was 
synthesised from a pyranose Wittig reagent and an acyclic aldehyde, followed by 
formation of the second pyranose ring via bromonium ion induced cyclisation of the 




















More recently, Dondoni and co-workers" have synthesised a series of a-
and 13-D-(l--*6)-C-disaccharides, including methyl C-gentiobioside (55) (Scheme 
18), using the Wittig approach. The normally problematic synthesis of the formyl C-
glycoside precursors (e.g. (54)) employed is partially alleviated by the group's 
thiazole based aldehyde synthesis. 86 
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(I) n-BuLl, THF, HMPA, 300C; (ii) H 2, Pd(OH) 2/C 
Scheme 18 
1.3.3 	Carbonyl Addition Reactions 
One of the most common methods of C-glycoside and C-disaccharide 
synthesis is the addition of a sugar anion to a carbonyl group (aldehyde, ketone, ester 
or lactone). 
This approach was used by Rouzand and Sinay 87 in their first stereoselective 
synthesis of a C-disaccharide (Scheme 19). A pyranose acetylenic anion was reacted 
with glucopyranolactone derivative (56) to afford a acetylenic hemiacetal (57). 
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Scheme 19 
A similar methodology has been applied by Schmidt et al. 88 ' 89 in their 
synthesis of hydroxymethylene 13-(l--*3) and 13-(l—*4)-linked C-disaccharides 
(Scheme 20). Reaction of the sulfoxide (59) with LDA gives the C-i lithiated 
species, which in turn reacts with the aldehyde (60) to give adduct (61) 
diastereoselectively. Removal of the phenylsulfinyl group with Raney Nickel, 
followed by face specific addition of hydroxyl and hydrogen groups gave the 
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(I) LDA; (ii) Ra.Ni; (iii) BH 3Me2S; (iv) NaOH, H 202 
Scheme 20 
Aldol condensation reactions, in which the a-carbon of one aldehyde or 
ketone adds to the carbonyl carbon of another (Figure 10), have been used by Fraser-
Reid et al. 90 ' 9 ' in the synthesis of (2— >5) and (5—>6)-linked C-disaccharides. 
Sugary + ASugar 
0 	OH 
jo 
Sugar 	 Sugar 
Figure 10 
Recently, Sina 92 has reapplied his lactone addition methodology to the 
synthesis of C-trisaccharide (64) and C-tetrasaccharide (65). Repeated cycles of 
lactol oxidation and addition of lithium acetylide (63) allowed oligosaccharide 
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(I) PCC, 0CM; (ii) CBr4 , PPh3, DCM; (iii) n-BuLi, THE, -78°C; 
(iv) Et3SIH, BF3.OEt3, 0CM, MeCN; (v) H 2, Pd/C, MeOH, EtOAc; (vi) H 2, Pt02 , EtOAc; 
(vii) H2SO4,  AcOH, H20, 60°C; (viii) 63, THF, -78°C 
Scheme 21 
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1.3.4 The Radical Addition Method 
This route to C-disaccharide synthesis involves addition of a glycosyl 
derived radical to a methylene lactone (Scheme 22). 
0  '~~a 0 OR 
Scheme 22 
Giese et al. 93'94 first applied this chemistry in the synthesis of (1->2)-
methylene linked disaccharides. This method is illustrated in Scheme 23. The 
glycosyl radical was generated from a bromo-D-glucose compound (66). Addition to 
the cc-methylene lactone (67) afforded the bridged adduct (68), which was reduced to 
give the target compound (69). Using this approach (2-4) and (2-+6)-methylene 
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(i) Bu 3SnH, AIBN; (ii) Na[AI(OC 2 H 4OMe)2(QEt)H]; (iii) Ac20, Pyridine 
Scheme 23 
This chemistry has been used by Motherwe11 95 ' 96 in the synthesis of natural 
product analogues with isoelectronic replacements of the glycosidic oxygen. The 
difluoromethylene linked compound (71) was prepared by addition of a 
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Scheme 24 
The directed addition of radical species to olefins, making use of "tethers", 
was first studied by Sinay et al. 97'98 (Scheme 25). A dimethyldichiorosilane linker 
was used to couple the sugar olefin (72) to selenoglucoside derivative (73). 
Treatment of the tethered compound (74) with tributyltin hydride to form the radical, 
followed by a directed intramolecular addition, gave the a-(1 ->4)-C-disaccharide 
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(i) Me2SiCl2 ; ( ii) BuLl; (iii) nBu 3SnH 
Scheme 25 
1.3.5 	The Cycloaddition Method 
The synthesis of carbon linked disaccharides using a Hetero Diels-Alder 
reaction has also been investigated. In this approach the cycloaddition reaction is 
used as a means of forming a second sugar ring from one cyclic and one acyclic 








The first reported use of this method was by Jurczak et al. 99 in their 
preparation of a sugar substituted dihydropyran ring system (77) (Scheme 26). The 














A similar approach has been adopted by Danishefsky and co-workers' °°" ° ', 
with chelation control of the key step (Scheme 27). The dihydropyranone product 
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An alternative route to carbon linked glycosides and disaccharides is the 
nitrile oxide cycloaddition method (Figure 12), allowing linkage of two highly chiral 
moieties with predictable regio- and stereochemistry. A range of functionalities can 
then be subsequently introduced into the linker. 
SugarCENtO + 	'Sugar 	
Sugar 	'Sugar 
Figure 12 
Together with (1->6)-linked analogue& °2, Paton and co-workers have used 
this approach in the synthesis of (1-+2) and (1->3)-linked C-disaccharide analogues 
with functionalised bridges 103  (Scheme 28). Reaction of sugar based nitrile oxide 
(81) with D-glucose derived alkene (82) was found to give a 1:1 mixture of 
regioisomeric isoxazolines (83) and (84). Deacetylation followed by reductive 
hydrolytic cleavage of the heterocyclic ring afforded the carbonyl-linked C-
disaccharides (85) and (86). 
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(i) KCN, MeOH; (ii) Ra.Ni, H 2 , B(OH)3 , MeOH, H20 
Scheme 28 
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1.3.6 Recent Advances in C-Glycoside Synthesis 
Since the most recent reviews 67, a number of novel approaches have been 
reported for C-glycoside synthesis. 
Thioglycosides' °4 and their dioxide derivatives' 05 have recently been studied 
by Craig et al. as electrophilic glycosyl donors in intramolecular reactions. The 
procedures employed are similar to those reported previously by Williams and 
Stewart' 06, concentrating on intramolecular alkylation using silyl enol ethers. 
Reaction of phenylthioglycoside dioxide (87) with thiophilic Lewis acids resulted in 
the formation of ketooxetanes (88) and (89) in a 8:3 ratio respectively (Scheme 29). 
















Dondoni86  has shown thiazolylketoses to be useful intermediates in the 
synthesis of modified glycosides (Scheme 30). Reaction of benzylated 
galactonolactone (90) with 2-lithiothiazole at low temperature occurs from the a-
face, under kinetic control, yielding lithium ketoside intermediate (91). Direct 
conversion into the 1-0-acetate is possible by quenching with acetic anhydride. This 
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preserves the reactions initial stereochemistry by preventing ring opening. In 
contrast, quenching (91) with water results in ring opening and conversion to the 
thermodynamically favoured product (93). This can subsequently be acetylated to 
give (94). 
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Reduction of the ketol acetate (94), followed by conversion of the thiazole 
ring to a formyl group, represents a route to synthetically valuable C-glycosyl 
aldehydes (Scheme 31). 
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(i) Et3SIH, TMSOTf, DCM; (ii) MeOTf, CH3CN; (iii) NaBH 41  00C;  (iv) HgCl2, H20/CH3CN 
Scheme 31 
A recent communication by Imanishi et al. 107 has shown reaction of 
Grignard reagents with a bicyclic sugar aldehyde (95) to proceed with good 
stereoselectivity, due to chelation-control. Subsequent ring closure of the diols 
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Scheme 32 
Urban, Beau and Skrydstrup have recently described the synthesis of a-C-
galactosamine derivatives' 08 (96) via reductive samariation of glycosyl sulfones 
(Scheme 33). The C-glycosylation process is chelation controlled, with the 
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acetamido group at C-2 proposed to form the chelated intermediate (97). This is 
thought to suppress intramolecular deprotonation of the amide, enhancing the 
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Scheme 33 
A sulfinyl-lithium exchange process has been reported by Jaramillo and co-





















(i) MeLI.L1Br, -78°C, 25 mm, then t-BuLi, 20 mm; (ii) i-PrCHO 
Scheme 34 
Olefin metathesis has also been employed in the synthesis of C-glycosides. 
Postema and Climente have developed a novel approach' 1° to a series of C-i 
substituted glycals (99), utilising molybdenum-catalysed ring closing metathesis of 
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2 	RESULTS AND DISCUSSION 
2.1 	Programme of Research 
Carbon-linked glycosides are compounds consisting of two units linked by a 
carbon bridge, with one (C-glycosides) or both (C-disaccharides) of these units sugar 
derived. These compounds provide tempting targets to the synthetic chemist due to 
the possibility of linking two highly chiral rings in a regio- and stereoselective 
manner. The close structural and conformational relationship" between these 
molecules and their 0-linked natural analogues continues to generate a great deal of 
interest. The role of these compounds as potential glycosidase inhibitors (Section 
1.2.2) offers the possibility of applications including anti-HIV, anti-cancer and anti-
diabetes agents. 
A variety of synthetic routes to C-glycosides and, more specifically, C-
disaccharides have been developed since that first reported in 1983 by Rouzand and 
Sina. 87 Carbonyl and radical addition reactions, nitro aldol chemistry, Wittig 
reactions and cycloaddition methodology have all proved useful in various aspects of 
C-disaccharide synthesis (Section 1.3). Although most of these routes were aimed at 
the preparation of methylene-bridged C-disaccharides, there have been a few 
examples of more functionalised linkages. The objective of the work presented in 
this thesis was to develop a general, convergent approach to C-glycosides and C-
disaccharides which would allow a flexible choice of functionalised carbon linkages. 
The Nitrile Oxide / Isoxazoline route was selected as it was considered to be 
well suited to the aims of this project, allowing access to aminomethylene, 
hydroxymethylene and carbon linked C-disaccharides. Nitrile oxide / isoxazoline 
52 
chemistry (Section 1.1.11) has been widely used in the preparation of natural product 
" 2"3 , as well as giving promising results for higher monosaccharide" 4"5 an lo  ,
azasugar 116"7 and 1,3-linked C-disaccharide ' 03 syntheses. This approach consists of 
three main steps (Scheme 36). The first stage involves a [3+2] cycloaddition of a 
nitrile oxide to an alkene, yielding a 2-isoxazoline heterocycle. Predictable regio-
and stereoselectivity is observed during these reactions. Both the nitrile oxides and 
alkenes are readily accessible from inexpensive starting materials based on well 
established methods. The 2-isoxazolines formed are sufficiently stable to allow 
modification of the substituents and/or the 4-position of the heterocycle. In the final 
stage a wide range of functionality can be accessed by various ring cleavage 
protocols, to afford a selection of bridged C-disaccharides. 
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The objectives of the work described in this thesis were two-fold; firstly to 
develop and optimise the cycloaddition stage of the nitrile oxide / isoxazoline 
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methodology and secondly to carry out further investigations into the synthesis of C-
glycosides and C-disaccharides. 
Typically in situ generation of the glycosyl nitrile oxide is carried out by 
dehydration of the corresponding primary nitroalkane. In order to alleviate 
restrictions imposed by this synthetic approach alternative nitrile oxide generation 
methods were considered to be highly desirable (Scheme 37). Studies were carried 
out into the practicality of synthesising both oxime and hydroximoyl chloride 
analogues as alternative routes to the required nitrile oxides. 
-H 20 
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X= H, CI 
Scheme 37 
The nitrile oxides chosen for study were (100), (101), (102) and (103) based 
on D-glucose, D-galactose, D-mannose and L-fucose respectively. These were 
generated either directly or indirectly from the corresponding 2,6-anhydro- 1 -deoxy-
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The choice of dipolarophiles was made in order to study routes to both C-
glycosides and C-disaccharides. Commercially available achiral alkenes, including 
styrene (104) and methylenecyclohexane (105), were employed in model studies. 
Alkenes derived from D-glucose (106), (107), (108) and D-mannose (109) were 
selected for C-disaccharide synthesis. 





ox0 R=H 106 
R=Ac 107 	 109 
R=Bz 108 
56 
Initial reactions with styrene and methylenecyclohexane were expected to 
proceed regiospecifically, with the latter affording a single product (Scheme 38). 
Subsequent ring cleavage of this cycloadduct offers the possibility of analogues to 









2.2 	Synthesis of Nitrile Oxide Precursors 
The first stage in the cycloaddition methodology involved preparation of the 
pyranosylnitromethanes from which the nitrile oxides are generated. The 
monosaccharides selected for this purpose were chosen from among those most 
common in biological systems, namely D-glucose, D-galactose and D-mannose. The 
sugar L-fucose (6-deoxy-L-galactose) was also selected since, as well as being an 
important component in partial structures of bacterial polysaccharides"' and 
glycoproteins' 19,  it could be used to study selectivity differences between itself and 
the other D-sugars. The nitrosugars were prepared from the corresponding aldoses 




Tetra-0-acetyl-f3-D-glucopyranosylnitromethane (40) was prepared from D-
glucose in three steps (Scheme 39). In the first stage D-glucose was converted into 
nitroalditol (110) by a Fischer-Sowden reaction"', involving base catalysed addition 
of nitromethane. The product was not isolated but dehydrated by heating under reflux 
in water to give -glucopyranosylnitromethane (112). None of the a-isomer was 
isolated from the crude product. Acid catalysed acetylation gave the title compound 





H OH HO H 
H--OH H--OH 






















(I) CH 3 NO2 , NaOMe; (ii) H 2O, reflux; (iii) Ac20, CF3S03H 
Scheme 39 
The cyclisation that occurs during this reaction is considered to proceed via 
dehydration of (110) to give the a-nitro olefin (111). This can then undergo 
intramolecular nucleophilic attack at C-2 by the C-6 hydroxyl group. 112 
The product which can adopt the least hindered chair conformation is 
formed preferentially during this cyclisation stage. Of the four possible chair 
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arrangements (Figure 13) the n-isomer in the 5C2 conformation is the only structure 
with all the substituents in equatorial positions. It can be seen that the cc-isomer is 
less favourable as either the nitromethyl group or the C-6 substituent is in the axial 
position. Sowden has shown that the 13:a ratio during this cyclisation is in the order 
of 50:1. 
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The 5 C2 conformation of the product is also supported by 'H NMR vicinal 
coupling constant data. Table 2 shows the 3J couplings for the ring protons of the 
acetylated glucopyranosylnitromethane. The J231 J341 J45 and J56 couplings are all in 
the range 9.3 to 10.1 Hz, which is typical for trans diaxial protons. The 10.1 Hz 
coupling between 2-H and 3-H also supports assignment of n-configuration at the 
anomeric position. An equatorial-axial coupling of -P2-3 Hz would be expected for 
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g!ycero-D-galacto-heptitols (113) and (114) 
The -D-galacto- and 13-D-mannopyranosylnitromethane derivatives (113) 
and (114) were prepared similarly from D-galactose and D-mannose. The overall 













-L-Fucopyranosylnitromethane derivative (115) was prepared from L-
fucose in 16% overall yield by the route outlined previously (Section 2.2.1). 
Mej_._ NO2 FOA 
AcO 	
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As before no cc-isomer was isolated, with the n-isomer formed preferentially 
(Figure 14). As can be seen from the diagram, in the case of L-fucose the least 
hindered structure is the 2C5 conformation (13-isomer). A J23 coupling constant of 9.7 
Hz confirms the diaxial arrangement of the protons at this position in support of the 13 
























2.3 	Alternative Routes to Sugar Derived Nitrile Oxides 
Previous work on the cycloaddition reactions of pyranosyl nitrile oxides 121 
has used exclusively the Mukaiyama method 20  for generation of the 1,3-dipole. This 
involves dehydration of the corresponding pyranosylnitromethane using an 
isocyanate. In most cases cycloaddition reactions using this method proceed in good 
yields. Some dipolarophiles, however, are not compatible with Mukaiyama 
conditions, either due to side reactions with the isocyanate present or when elevated 
temperatures are employed. For this reason alternative precursors to the nitrile 
oxides would be synthetically valuable. 
With the traditional method using pyranosylnitromethanes as nitrile oxide 
precursors, it was decided to attempt conversion of these compounds to the 
corresponding oxime and chioroxime derivatives. Both of these are potential sources 
of the nitrile oxides by alternative reaction conditions, thus complementing the 
dehydration approach (Figure 15). 
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2.4 	Synthesis of Pyranosyl Oximes 
In the synthesis of the target sugar oximes, a traditional approach via 
oximation of C-pyranosyl aldehydes was initially considered. However, existing 
literature routes to the aldehydes all involve multiple stages, some of which require 
forcing conditions and/or expensive reagents, and the aldehydes themselves are prone 
to oxidation and hydration. Due to these problems, together with the preference for 
using the nitromethyl sugars as starting materials, an alternative approach was 
investigated. 
The method selected for the conversion of the pyranosylnitromethanes to 
the corresponding novel oximes is based on the work of Bartra et al.'24 This 
procedure employs the use of a reactive tin species generated in situ from tin 
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chloride, thiophenol and triethylamine (Scheme 40). Since this reaction is applicable 
to a wide range of aliphatic and aromatic nitro-compounds, offers excellent yields 
and rapid reaction times under mild conditions, it was considered to be a good 







The reducing agent involved in these reactions is proposed to be the tin 
complex [Et3NH] [Sn(SPh) 3]. Attempts by Bartra et al. to isolate this species result in 
Sn(SPh) 2 precipitation, indicating a rapid equilibrium between the reagents and the 
tin complex (Scheme 41). 
Sn(SPh) 2 + 	PhSH 3 + Et3N 	- 	Et3NH [Sn(SPh) 3] - 
Scheme 41 
The fact that oximes and hydroxylamines are not further reduced, together 
with Bartra's observations that PhNO is reduced even more rapidly than P1iNO 2 



















Reduction of the nitro group to the corresponding hydroxylamine is only 
observed for secondary nitroalkanes in apolar solvents. For the primary nitro 
compounds employed, nitroso to oxime tautomerism prevents over-reduction to the 














The D-glucose derived oxime (116) was prepared from protected 
glucopyranosylnitromethane derivative (40) in 85% yield using the procedure of 
Bartra et al. (Scheme 44). Reduction of the nitrosugar with tin chloride, thiophenol 
and triethylamine followed by purification by chromatography gave the oxime as a 
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The 'H NMR spectrum of the product shows a doublet for each of the 
isomers due to the 1-I-I proton. These signals are present at 7.30ppm and 6.69ppm 
for the major (E) and minor (Z) isomers respectively, allowing the isomer ratio to be 
determined by integral comparison. The NOH signals are observed for the E and Z 
isomers as broad singlets at 8.40ppm and 8.62ppm. As expected, the pyranose ring 
signals are broadly similar to those of the parent pyranosylnitromethane. The main 
point of interest in the ' 3C NMR spectrum is a signal at 146.6ppm, corresponding to 
C-i of the oxime. 
The structure of the major (K) isomer was confirmed by X-ray 
crystallography (Appendix I) (Figure 16). 
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Figure 16 
2.4.2 	3,4,5,7-Tetra-O-acetyl-2,6-anhydro-1 -deoxy-1-hydroxyimino-D-glycero- 
L-manno-heptitol (117) 
The galactose derived oxime (117) was synthesised from 
galactopyranosylnitromethane derivative (113) in 89% yield using the procedure 
previously outlined (Scheme 45). As before an inseparable mixture of E:Z isomers 
was obtained in a 90:10 ratio (as determined by 'H NMR). 
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Having successfully synthesised the oxime derivative (116) the next stage 
was to attempt chlorination to form the hydroximoyl chloride. It was initially decided 
to attempt pilot scale reactions using N-chlorosuccinimide as chlorinating agent. 
These proved unsuccessful often leading to multiple products as judged by tJ.c. 
Direct chlorination using chlorine gas was then selected and trial experiments carried 
out using various reaction conditions. 
The optimised conditions were found to be treatment of the oxime in 
dichloromethane at —78°C with chlorine gas. The initially colourless solution was 
observed to turn blue, indicating the presence of the nitroso tautomer, then green. 
After discontinuing the chlorine gas flow and allowing to warm to room temperature, 
isolation of the product gave the expected hydroximoyl chloride (118) in typically 
90% yield (Scheme 46). 
OAc 	 OAc 
AcO O\ 	
Cl2 	
AcO O ?I 
AcO \NQH 	78°C 	AcO. \-*NoH 
OAc 	 CH2Cl2 OAc 
116 	 118 
Scheme 46 
The 'H NMR spectrum of the hydroximoyl chloride contains three main 
differences to that of the parent oxime. Firstly, the signal due to 1-H in the oxime is 
absent in the product, due to replacement with chlorine. As a result the 2-H signal 
simplifies from a doublet of doublets to a doublet (J23 9.6 Hz). Finally, the broad 
NOH signal shifts from 8.40 in the oxime to 8.93 ppm in the hydroximoyl chloride. 
As expected the pyranose ring signals are broadly similar in both compounds. 
Mass spectrometry also provides evidence for the product, giving prominent 
peaks at 410.08565 and 412.08226 amu. These correspond to the predicted chlorine 
isotope molecular formulae C, 5H21N0 1035C1 and C 15H21N0, 037C1, and were present in 
a -3: 1 ratio respectively. 
Surprisingly, in one experiment it was found that at -10°C treatment of the 
glucose oxime with chlorine gas in ether and chloroform gave predominantly the 
diethyl acetal of the C-formyl glucoside (119). Identification was carried out by 'H, 
' 3C NMR and mass spectroscopy. The structure was also confirmed by X-ray 
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Figure 17 
During the course of the present work a paper by BeMiller, Petrug et al. 121 
has reported an unexpected route to the previously novel pyranose-1-carbaldoximes 
(2,6-anhydro- 1 -deoxy- 1 -hydroxyimino-heptitols). While attempting to effect 
denitration of a selection of per-0-acety1ated--g1ycopyranosylnitromethanes, it was 
discovered that the nitro group was not replaced by a hydrogen atom but instead 
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underwent reduction to yield the corresponding oxime (Scheme 47). The conditions 
employed were heating in benzene for 3-6hrs in the presence of tributyltin hydride 
and 1,1' -azobis(cyclohexanecarbonitrile) (ABCN). 
Bu3SnH 
ABCN 
NO2 	C6H6 	 'NOH 
800C 
Scheme 47 
The reduction of these pyranosylnitromethanes by Bu 3 SnH is proposed by 
the authors to proceed by the addition-elimination mechanism shown in Scheme 48. 
The first step is the formation of the alkyl(trialkyltinoxy)nitroxyl radical (120), which 
is formed by addition of the tributyltin radical to the nitro compound. Subsequent 
cleavage yields the trialkyltinoxy radical and the nitroso compound (121), which 
isomerises of afford the oxime. 
This mechanism is supported by a number of experimental observations. 
The primary nitro group was selectively reduced in the presence of other functional 
groups (ester, amide, acetal, amino), suggesting a free-radical chain reaction. The 
reaction was also found to proceed slowly in the absence of a radical initiator 
(ABCN), and was almost completely unreactive at low temperatures (20-30°C) in the 
presence or absence of ABCN. 
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In2 IN 	21n 	In=ABCN 
Bu3SnH + 1n 	 Bu3Sn+ InH 
Bu3Sn-OH 	 Bu3Sn-H 
Bu3Sn 	 Bu 3Sn-O 
R-CH 2- 	 R-CH2-N-0 	 H 2-N=O 
Bu3SnO 	 121 
120 
Scheme 48 
This method of oxime synthesis appears to offer no significant advantages 
over the Bartra approach, with both routes giving comparable yields. Indeed, with 
the elevated temperatures required, possible incompatibilities with certain glycosyl 
nitromethanes may prove restrictive. 
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2.5 	Synthesis of Sugar Alkenes 
Four sugar derived alkenes were selected for initial cycloaddition studies. 
Both alkene (107) and (108) were synthesised from diacetone-D-glucose employing 
an alternative protecting group at the 3-0 position. A D-mannose derived alkene 
(109) was synthesised in four steps using similar methodology. With these 
compounds prepared for preliminary cycloadditions, alkene (106) was prepared by an 
alternative route. This allowed the choice of 3-protecting group at the final stage, 
therefore providing a more efficient route than extra deprotection—protection stages 
using alkenes (107) or (108). 
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2.5.1 	3-0-Acetyl-5,6-didcoxy-1 ,2-O-isopropylidene-a-D-xylo-hex-5- 
enofuranose (107) 
The title compound 26 was synthesised from commercially available 1,2:5,6-
di-O-isopropylidene-D-glucose (diacetone-D-glucose) in four steps (Scheme 49). 
Firstly the 3-hydroxyl group was protected by acetylation to give (122), followed by 
selective acid hydrolysis of the 5,6-isopropylidene group. This afforded the 5,6-diol 
(123) which was treated with methanesulfonyl chloride and pyridine to give the 
dimesylate compound (124). The overall yield for the three steps was 38%. 
Purification was carried out at this stage by recrystallisation to give a highly 
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crystalline, stable precursor to the alkene which could be stored indefinitely. On 
occasion, prolonged storage of the alkene resulted in some signs of deterioration by 
t.l.c. Therefore, when required the dimesylate (124) was converted to the alkene 
(107) and used immediately. This was achieved in near quantitative yields by means 
of a modified"' Tipson-Cohen reaction"' utilising a freshly prepared zinc/copper 
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(i) Ac20, pyridine; (ii) AcOH, H 20, 400C;  (iii) MsCI, pyridine; (iv) Zn/Cu couple, Nal, 133°C 
Scheme 49 
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2.5.2 	3-0-Benzoyl-5,6-dideoxy-1 ,2-O-isopropylidene-ct-D-xylo-hex-5- 
enofuranose (108) 
Alkene (108) was synthesised by the same route as the 3-0-acetyl analogue 
(107), but with a benzoyl ester protecting group on the 3-hydroxyl group (Scheme 
50). No purification of the intermediates was required and the crude products were 
carried through to the dimesylate (125) in 55% yield from diacetone-D-glucose 
Reaction of this compound under Tipson-Cohen conditions gave the required alkene 
in typically 90% yield. Unlike the acetate protected alkene (107), this compound was 
a crystalline solid which proved to be stable for prolonged periods. 
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(I) BzCI, pyridine; (ii) AcOH, H20, 400C;  (iii) MsCI, pyridine; (iv) Zn/Cu couple, Nal, 133°C 
Scheme 50 
2.5.3 	Methyl 5,6-dideoxy-2,3-0-isopropylidene-a-D-/yxo-hex-5-enofuranosicle 
(109) 
The above named compound 129,  which is a C-2 epimeric analogue of 5,6-
dideoxy- 1 ,2-O-isopropylidene-a-D-xylo-hex-5-enofuranose (106), was obtained from 
the previously synthesised 130  dimesylate precursor (127) (Scheme 51). The first stage 
involved an acid catalysed reaction of D-mannose with acetone and methanol to give 
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the a-methyl furanoside' 3 ' (126) with 2,3- and 5,6-0-isopropylidene protection. 
Selective deprotection followed by treatment with methanesulfonyl chloride afforded 
the alkene precursor. The alkene was prepared from the dimesylate as before using a 
















(i) Acetone, MeOH, c.HCI, reflux; (ii) c.HCI, H20, 23°C; (iii) MsCI, pyridine 
(iv) Zn/Cu couple, Nat, 133°C 
Scheme 51 
2.5.4 	5,6-Dideoxy-1,2-0-isopropylidene-a-D-xylo-hex-5-enofuranose (106) 
The title compound was prepared from commercially available 1,2-0-
isopropylidene-a-D-glucofuranose in 2 steps and an overall yield of 88% using 
Corey-Winter methodology' 32 (Scheme 52). The first stage involved reaction with 
1,1 -thiocarbonyldiimidazole to give the thionocarbonate (128), followed by treatment 
with trimethyl phosphite to give the alkene (106). This compound can be regarded as 
a useful precursor to a range of 3-0-protected sugar based alkenes. 
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2.6 	Nitrite Oxide Cycloadditions: Dehydration of Pyranosylnitromethanes 
Previously within the group the nitrile oxide / isoxazoline route has proven 
to be a reliable method of synthesising C-glycosides and C-disaccharides. The nitrile 
oxide in these reactions is invariably generated in situ by dehydration of suitably 
protected pyranosylnitromethanes. It was therefore decided to carry out initial model 
studies under these conditions to optimise the reaction. It was also hoped to explore 
alternative routes to the nitrile oxides in an attempt to circumvent limitations in the 
dehydration methodology (see the following sections for a more detailed discussion). 
The two alternative possibilities considered were generation from the corresponding 
oxime (route A) and dehydrochlorination of a hydroximoyl chloride (route B) 
(Scheme 53). 
R NO 	__ 	R—CEN—O+ -  
/IB 
H 	 CI 
RNOH 	 RNOH 
Scheme 53 
All the cycloaddition products were characterised by 'H and ' 3C NMR 
spectroscopy, optical rotation and FAB mass spectroscopy. The structures of 
selected cycloadducts were also determined by X-Ray crystallography. Chemical 
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formulae were verified by high resolution mass spectroscopy. Diastereomeric 
cycloadduct ratios were determined by comparison of selected integrals in the 'H 
NMR spectrum of the crude mixture, after removal of the excess alkene present. 
Where possible the diastereomeric mixture was then further separated by medium 
pressure liquid chromatography (MPLC) to isolate each isomer. The structures of 
individual diastereomers were assigned by correlation of physical and spectroscopic 
properties with those of compounds established by X-ray crystallography. 
2.6.1 	Model Studies 
Perhaps the most common method of nitrile oxide generation is the in situ 
dehydration of a primary nitro compound. The method employed within the group is 
a modification' °3 of the Mukaiyama2° dehydration procedure (Scheme 54). 
RNO2  + R'NCO 	Base R—CEN-O + CO2 
+ R'NHCONHR' 
Scheme 54 
The dehydrating agent commonly used for this reaction is phenyl 
isocyanate. 2° This method generally works well but can cause complications in 
work-up. The by-product obtained during the reaction is diphenylurea, which can be 
difficult to remove and often requires chromatography. For this reason tolylene 
diisocyanate (TDI) was used as a substitute, offering two main advantages. Firstly 
the urea formed during the reaction is much less soluble and can be removed by 
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filtration. Secondly, any excess TDI can be removed at the end of the reaction by 
addition of 1 ,2-diaminoethane, thus forming a polymeric urea which can also be 
removed by filtering. 
The proposed mechanism for this dehydration reaction involves the initial 
abstraction of a proton by the base to form the nitronate anion. This can then attack 
the isocyanate present in the reaction mixture (Scheme 55). Carbon dioxide is 
subsequently eliminated to give the nitrile oxide. The amine formed then further 
reacts with the excess isocyanate present to give a symmetrical urea. 
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Scheme 55 
Previous work in the group had established a set of reaction conditions 
which were capable of giving very good yields, but which on occasion could result in 
variable degrees of success. It was therefore decided to begin with optimisation of 
these conditions. 
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The cycloaddition was carried out by slow addition of the nitromethyl sugar 
using a syringe pump to a solution containing the dipolarophile, isocyanate and base 
at reflux. The nitrile oxide precursor was added slowly to ensure a low concentration 
of the nitrile oxide in comparison with the dipolarophile, thus reducing the 






Initial reactions were carried out using D-galactose derived nitrile oxide 
precursor (113). The dipolarophile chosen for model reactions was styrene (104). It 
was selected since it is a well established dipolarophile for cycloaddition reactions 
with nitrile oxides and could also be conveniently removed by distillation from the 
reaction mixture upon completion. 
Preliminary reactions were carried out with mixed solvent systems to ensure 
the solubility of the nitro sugar, such as dichloromethane-toluene. Under these 
conditions (Ca 5 0'C) only traces of products were detected, even after extended 
reaction periods, and starting material recovered. In order to increase the rate of 
reaction the solvent system was changed to toluene, thus allowing an increased 
reaction temperature. This was found to give far better results, with the reaction 
complete after 7 days under reflux (110°C) and no sign of nitrile oxide dimerisation. 
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Unfortunately the nitrile oxide precursor was only sparingly soluble in cold toluene 
leading to difficulties in delivery by syringe pump, with the sugar occasionally 
crystallising inside the syringe during the extended reaction times. In order to avoid 
this problem the reaction was attempted without addition by syringe. The nitro 
sugar, isocyanate (TDI), base and excess styrene were added to toluene and the 
mixture heated at reflux for 7 days. It was found that not only did the reaction 
proceed as before but no furoxan was present. The yields for these reactions were 
typically 80-90%. This suggests that as long as an excess of the dipolarophile is 
present (typically 4-5 equivalents) the rate of cycloaddition is significantly faster than 
the rate of dimerisation. These conditions were therefore used in subsequent 
cycloaddition reactions. 
2.6.1.1 Optimised Reaction Conditions 
The nitrile oxide precursor (1 eq), TDI (3 eq), alkene (5 eq) and 
triethylamine (catalytic) were dissolved in toluene and heated at reflux for 7 days. 
Over this period an insoluble urea slowly formed. Excess TDI was removed by 
addition of diaminoethane and filtration of the reaction mixture. The excess alkene 
was removed by evaporation or chromatography as appropriate to give the products. 
The diastereomeric ratio was determined by 'H NMR spectroscopy. Where possible 
the cycloadducts were further separated to give the individual diastereomers. 
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2.6.1.2 Cycloaddition of 3,4,5,7-Tetra-0-acety1--D-ga1actopyranosy1-1-njtrj1e 
Oxide (101) to Styrene (104) 
Cycloaddition of D-galactose derived nitrile oxide (101) to styrene was 
carried out according to the optimised conditions outlined above. An inseparable 
mixture of (5R)- and (5 S)-5-phenyl-3 -(2,3 ,4,6-tetra-O-acetyl--D-galactopyranosyl)-
2-isoxazolines (129) and (130) were obtained in 80% combined yield (Scheme 56). 
The stereoselectivity was found to be low, with an isomer ratio of 56:44 (as estimated 
















The 'H NMR spectrum of the products appears as a superimposed 
combination of the two diastereomers signals at nearly all positions. Eight singlets 
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are clearly visible between 1.96 and 2.1 2ppm corresponding to the four acetate 
groups present in each diastereomer. Characteristic signals are also present between 
3.02 and 3.58ppm, indicative of the geminal protons at the 4-position of the 
isoxazoline ring. Each diastereomers 4a,b-H protons give rise to two doublets of 
doublets (Figure 19), resulting in eight lines. The sixteen lines present in this region 














The ' 3C NMR spectrum (together with DEPT experiments) of the products 
shows a characteristic CH 2 resonance at 40.7ppm consistent with the C-4 position of 
the isoxazoline. The C=N of the heterocyclic ring (C-3) correlates with a quaternary 
signal present at 155.2ppm. Many of the signals appear to be "doubled up" due to 
the presence of the two stereoisomers. This is the case with the C-5 positions, giving 
two closely spaced signals at 82.5ppm and 82.8ppm. 
The cycloaddition reaction proceeded regiospecifically, giving only the 5-
substituted stereoisomers. This was found to be consistently the case in subsequent 
cycloaddition studies, as predicted by FMO theory (Section 1.1.3). For the 
dipolarophiles chosen for study (non-electron withdrawing), the dominant interaction 
is the LUMO-dipole / HOMO-dipolarophile (Sustmann Type III). The relative MO 
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energies and sizes of coefficients for nitrile oxide cycloadditions to these alkenes 







2.6.1.3 Cycloaddition of Nitrite Oxide (101) to Oct-1-ene (131) 
The second model dipolarophile studied was oct-i -ene, since it is known to 
be less reactive than styrene and was chosen in order to test the reactivity of the 
pyranose nitrile oxides under the optimised conditions. The reaction was carried out 
according to the general procedure outlined in section 2.6.1.1. The nitrile oxide 
precursor (113), oct-i -ene, TDI and triethylamine were heated under reflux in 
toluene. The excess TDI was removed by quenching with diaminoethane and the 
reaction mixture purified by chromatography. The product was identified as an 
inseparable mixture of (SR)- and (5 S)-5 -hexyl-3 -(2,3 ,4,6-tetra-O-acetyl-3-D-
galactopyranosyl)-2-isoxazolines (132) and (133) in a combined 88% yield (Scheme 
57). As in the styrene cycloaddition reaction (Section 2.6.1.2), little 




















The lack of diastereoselectivity noted during the model cycloadditions to 
styrene and oct-i -ene was as anticipated for addition of a chiral nitrile oxide to an 
achiral alkene. This is in marked contrast to the good selectivity often attained in 
additions of the nitrite oxides to chiral alkenes. These results can be rationalised by 
considering the proximity of the existing and newly formed chiral centres (Figure 
21). In the case of the chiral alkene the nearest existing stereocentre is much closer 
than for the chiral nitrile oxide example, exerting a greater influence on the 
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Figure 21 
2.6.1.4 Cycloaddition of 3,4,5,7-Tetra-0-acety1--D-ga1actopyranosy1-1-nitriIe 
Oxide (101) to Methylenecyclohexane (105) 
With both the styrene and oct-i -ene cycloadditions proceeding in high 
yields, methylenecyclohexane was chosen as the final model reaction before 
advancing to sugar derived dipolarophiles. This alkene was selected to allow the 
nitrile oxides reactivity to 1,1 -disubstituted alkenes to be investigated. Also, unlike 
the previous examples, only one cycloadduct was expected from the reaction. This 
allowed a more detailed examination of both 'H and ' 3C NMR than in the previous 
cases. The cycloaddition was carried out according to the procedure in section 
2.6.1.1. Nitrile oxide precursor (113) and methylenecyclohexane were reacted as 
normal but at the lower temperature of 80°C, due to the lower boiling point of the 
alkene (102°C). As expected the reaction occurred in a regiospecific manner and 5-
(spirocyclohexyl)-3-(2,3 ,4,6-tetra-O-acetyl-3-D-galactopyranosyl)-2-isoxazoline 













The 'H NMR of the product shows two doublets at 2.71 and 2.81ppm. 
These signals, together with a 17.1 Hz observed geminal coupling, are consistent 
with the isoxazoline ring protons 4a,4b-H. The pyranose ring signals are very similar 
to the parent nitrile oxide precursor. A coupling constant of 9.5 Hz is observed for 
indicating a trans-diaxial arrangement. The cyclohexane ring protons (1"-H to 
5"-H) appear as a complex multiplet between 1.38 and 1.75ppm. The ' 3C NMR 
gives further evidence for the cycloadduct, with the isoxazoline ring carbons C-3 
(C=N), C-4 and C-5 signals at 154.3, 42.3 and 87.3ppm respectively. 
2.6.1.5 Cycloaddition of 3,4,5,7-Tetra-0-acety1--D-g1ucopyranosy1-1-nitri1e 
Oxide (100) to Methylenecyclohexane (105) 
The reaction was carried out as outlined for the galactose derived nitrile 
oxide cycloadditions. The product was obtained in 84% yield and was identified as 
5 -(spirocyclohexyl)-3 -(2,3 ,4,6-tetra-O-acetyl-f3-D-glucopyranosyl)-2-isoxazoline 
(135) (Scheme 59) by mass spectroscopy, 'H and 13C NMR. 
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Scheme 59 
Comparison of the 'H NMR coupling constants between cycloadduct (135) 
and nitrile oxide precursor (40) indicates the pyranose ring occupies a very similar 
4C, conformation in each case. These similarities also confirm the n-stereochemistry 











OAc Ac O 
40 135 
Coupling JIHz JIHz 
1,2 10.1 10.0 
2,3 9.3 9.4 
3,4 9.3 9.4 
4,5 10.0 10.0 
Table 3 
The two methylenecyclohexane adducts (134) and (135) both give a 
characteristic pair of overlapping doublets in the chemical shift region 8 2.5-3.0 ppm. 
These are due to the two geminal isoxazoline ring protons present, with both adducts 
showing a 17.1 Hz coupling. This value is typical for the geminal couplings (4,4b) 
of 4-Fl protons in isoxazolines.' 33 
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2.6.2 	Cycloaddition 	Reactions 	to 	3-0-Acetyl-5,6-dideoxy-1,2-0- 
isopropylidene-ct-D-xylo-hex-5-enofuranose (107) 
With the model cycloadditions proceeding in high yields the next stage was 
to employ sugar based alkenes in order to synthesise C-disaccharide analogues. The 
first alkene chosen was 3-0-acetyl protected xylo-hex-5-enofuranose (107), derived 
from D-glucose. A number of nitrile oxide cycloadditions to the 3-0-benzyl 
protected analogue (136) had been previously reported' 26,134,135  in the literature, in 
each case showing good stereoselectivity. It was therefore hoped that cycloadditions 
of the pyranose 1 -nitrile oxides to alkene (107) would also occur in a stereoselective 
manner. 
0 	 0 
0 
AcO° 	 BnO 0 
107 136 
The acetate protecting group was selected, not only to match the protecting 
groups used in the nitrile oxide fragment, but also to avoid problems with the benzyl 
group in later stages of the synthesis. Under ring opening conditions previous 
studies 116  have shown the benzyl group to be labile if extended reaction times are 
required. For example, Paton and McGhie observed that ring opening reactions of 
isoxazoline (137) over extended periods (63hrs) resulted in a low yield of the 
required 6-deoxyundecos-7-ulose (138) (37%), urireacted starting material (9%) and 
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The procedure used in the following cycloadditions was identical to that 
established with the model dipolarophiles. The diastereomeric ratios were 
determined by comparison of selected integrals in the 1 H NMR of the reaction 
mixture, after the excess alkene was removed by chromatography. In the cases where 
the ratio could not be obtained from the proton spectrum, an estimate was made 
93 
based on ' 3C NMR signals in similar environments. The cycloadducts were 
characterised by 'H and ' 3C NMR, FAB mass spectroscopy and in the case of (144) 
and (149) by X-ray crystallography. Chemical formulae were verified by high 
resolution FAB mass spectrometry. 
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2.6.2.1 3,4,5,7-Tetra-0-acety1-3-D-ga1actopyranosy11nitrj1e Oxide (101) 
The nitrite oxide precursor (113) and xylo-alkene (107) were reacted as 
previously outlined. On completion the excess alkene was removed by column 
chromatography for use in subsequent reactions. A pair of isoxazolines (141) and 
(142) were obtained in 82% yield (Scheme 61). The diastereomer ratio was found to 
be 79:21 by comparison of the 'H NMR signals of the 1-H position at 5.87 and 
5 .94ppm. The diastereomers were separated by MPLC to give pure samples of each, 
allowing the 'H and ' 3C NMR to be fully assigned for each isomer. 
Ac? OAc 
00 AcO 	 0 N 
~ 
OAc 	 AcO 
101 107 
Ac? ,.OAc AcO OAc 13 N 0  
+ 
O OAc 	 Ac 
AcO 	 AcO 
141 142 
Scheme 61 
A direct comparison of the proton spectra for the major and minor adducts is 
shown in Figure 22. As expected the main differences present are due to the protons 
in close proximity to the newly formed chiral centre (C-5). The geminal ring protons 
(6a-H, 6b-H) show the greatest variation, with significant shifts in 5-, 4- and 3-H. 
The pyranose ring protons 8-H to 13a,b-H are broadly unchanged, consistent with a 
4C 1 conformation similar to that of the parent nitrile oxide precursor (113). 
The highest chemical shift resonances are due to the 1-H proton at the 
anomeric position of the furanose ring in each adduct. The separation of these 
doublets (A8=O.07 ppm) allows an integral comparison for determining the 
diastereomeric ratio. This was carried out prior to chromatographic separation of the 
cycloadducts. 
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2.6.2.2 3,4,5,7-Tetra-0-acety1--D-g1ucopyranosy1-1-nitrj1e Oxide (100) 
In this cycloaddition reaction the D-glucose derived nitrile oxide precursor 
(40) was reacted with xylo-alkene (107) as described in section 2.6.1.2. After cooling 
and removal of excess TDI by addition of diaminoethane, the alkene was separated 
by chromatography and stored for later re-use. MPLC of the isomer mixture gave a 
pair of isoxazolines (143) and (144) in a combined yield of 86% (Scheme 62). The 
isomer ratio was determined by 'H NMR as 76:24 by comparison of the 1-H signals 
at 5.82 and 5.92ppm. Both isomers were fully assigned by 'H and ' 3C NMR. 
Crystals of the minor isomer were obtained of suitable quality for X-ray analysis. 
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The stereochemistry of the minor cycloadduct was verified by X-ray 
crystallography (Figure 23). As expected the C-5 stereocentre formed during the 
reaction was found to have S-configuration, corresponding to a threo relationship 
with the adjacent C-4. 
Analysis of the torsion angle data from the crystal structure indicated the 
isoxazoline ring adopts an envelope-type arrangement similar to major cycloadduct 
(149) (see Section 2.6.3.2). The best plane contains the atoms C 6-C7-N7-05 with a 



























2.6.2.3 3,4,5,7-Tetra-0-acety1--D-mannopyranosyI-1-nitriIe Oxide (102) 
The D-mannose derived nitrile oxide precursor (114) and xylo-alkene (107) 
were reacted as previously outlined to afford a pair of diastereomeric isoxazolines 
(145) and (146) in 86% combined yield (Scheme 63). The diastereomeric ratio was 
determined as 80:20 by 'H NMR integral comparison, with the individual isomers 
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proving to be inseparable by chromatography. Identification was carried out by 
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2.6.3 	Cycloaddition 	Reactions 	to 	3-0-Benzoyl-5,6-dideoxy-1 ,2-O- 
isopropylidene-a-D-xylo-hex-5-enofuranose (108) 
With the cycloadditions between the pyranosyl-l-nitrile oxides and the 3-0-
acetyl protected xylo-alkene (107) showing a good degree of diastereoselectivity, it 
was decided to study the effect that replacing the acetate group would have on the 
selectivity of the reaction. The benzoate ester protecting group was chosen for a 
number of reasons. Firstly it can be removed under similar conditions to the acetate 
protecting groups on the nitrile oxide fragment in later synthetic steps. It also 
provides a convenient UV active "handle" for identification of the isoxa.zoline 
products. Finally it was hoped that the crystallinity and chromatographic separation 
of the cycloadducts would be improved. 
2.6.3.1 3,4,5,7-Tetra-0-acety1-3-D-gatactopyranosy1-1-njtrj1e Oxide (101) 
In this cycloaddition reaction the D-galactose derived nitrile oxide precursor 
(113) was reacted with benzoate protected alkene (108) as described in section 
2.6.1.1. After cooling and removal of excess TDI by addition of diaminoethane, the 
alkene was separated by chromatography. MPLC of the isomer mixture gave a pair 
of isoxazolines (147) and (148) in a combined yield of 80% (Scheme 64). The 
isomer ratio was determined by 'H NMR as 78:22. Both isomers were fully assigned 
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2.6.3.2 3,4,5,7-Tetra-0-acety1-3-D-g1ucopyranosy1-1-nitij1e Oxide (100) 
The nitrile oxide precursor (40) and xylo-alkene (108) were reacted as 
previously outlined. On completion the excess alkene was removed by column 
chromatography and a pair of isoxazolines (149) and (150) were obtained in 88% 
yield (Scheme 65). The diastereomer ratio was found to be 80:20 by 'H NMR. The 
cycloadducts were further separated by MPLC to give pure samples of each, allowing 
the 'H and ' 3C NMR to be fully assigned for each isomer. The structure of the major 
isomer (149) was also verified by X-ray crystallography. 
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The 'H NMR spectrum of the major adduct was fully assigned with the aid 
of a COSY spectrum (Figure 24). A very weak correlation (indicated by a dotted 
line) was noted between 2-H and 3-H of the furanose ring. This is consistent with the 
near 0 Hz coupling observed between these protons in the three sugar based xylo- 
101 
PU 













With all the proton resonances assigned, a proton-carbon correlation 
(HETCOR) experiment was carried out (Figure 25). This allowed full identification 
of the signals of the isoxazoline carbon skeleton, including the closely spaced sugar 
CH's (C-2 to C-5 and C-8 to C-12) which are all located between 68.0 and 83.3 ppm. 
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Figure 25 
The stereochemistry of the major isoxazoline (149) was determined by X-
ray crystal structure analysis (Figure 26). Verification that the new chiral centre at 
C-S had R-configuration was obtained, indicating an erythro relationship with C-4. 
This is consistent with previously reported 126,111  cycloadditions to benzyl protected 
103 
xylo-alkene (136) in which the major cycloadduct was shown to have 5R 
configuration at this position. 
It was also found that the isoxazoline ring adopts an envelope-type 
arrangement, where C 6-C 7-N7-05 form the best plane with a torsion angle of 0.9°. 
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2.6.3.3 3,4,5,7-Tetra-0-acetyl-f3-D-mannopyranosyl-1-nitrile Oxide (102) 
The D-mannose derived nitrile oxide precursor (114) and xylo-alkene (108) 
were reacted as previously outlined. A pair of diastereomeric isoxazolines (151) and 
(152) were obtained in 78% combined yield (Scheme 66) and the isomer ratio was 
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2.6.3.4 3,4,5-Tri-O-acetyl--L-fucopyranosy1-1-nitri1e Oxide (103) 
The title compound was selected in order to study a cycloaddition with an 
L-sugar. Of the sugars occurring most frequently in mammalian oligosaccharides, L-
fucose is the most hydrophobic residue and therefore of importance in a number of 
areas.' 38 Although no difficulties were expected, it was desirable to synthesise a 
cycloadduct with the pyranose ring in the 2C5 conformation (Figure 27). 







The L-fucose derived nitrile oxide (103) was reacted with xylo-alkene (108) 
according to the general procedure. After removal of the excess TDI and alkene the 
product was isolated in 90% combined yield as a mixture of diastereomers (Scheme 
67). The isomer ratio 5R:5S was determined by 'H NMR integrals as 81:19. 
Separation of the diastereomers (153) and (154) by MPLC allowed the full peak 
assignment of both 'H and ' 3C NMR spectra. 
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Scheme 67 
In the above cycloaddition reactions the use of the benzoate protection 
instead of the acetate group resulted in distinct advantages. The products proved 
easier to crystallise, allowing the major isomer to be obtained by recrystallisation 
without the need for time consuming medium pressure liquid chromatography. 
When chromatography was required the diastereomers also proved simpler to 
separate than the acetate protected analogues, and were easier to identify due to their 
UV activity. 
2.6.4 	Cycloaddition Reactions to Methyl 5,6-Dideoxy-2,3-0-isopropylidene- 
a-D-lyxo-hex-5-enofuranoside (109) 
The next alkene to be studied was the D-mannose derived lyw-alkene (109). 
This contains the opposite stereochemistry to the xylo-alkene (107) at C-2 as well as 
alternative protecting groups. It was therefore of interest to see the possible effect on 












2.6.4.1 3,4,5,7-Tetra-0-acety1-3-D-ga1actopyranosy1-1-nitrj1e Oxide (101) 
The D-galactose derived nitrile oxide precursor (113) was reacted with lyxo-
alkene (109) as described in section 2.6.1.1. After cooling and removal of excess 
TDI by addition of diaminoethane, the alkene was separated by chromatography. 
The products were obtained as a pair of isoxazolines (155) and (156) in a combined 
yield of 89% (Scheme 68). The isomer ratio was estimated by ' 3C NMR as 76:24. 
The diastereomers proved to be inseparable by chromatography. 
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2.6.4.2 3,4,5,7-Tetra-0-acety1-3-D-g1ucopyranosy1-1-nitrile Oxide (100) 
The reaction of glucose derived nitrile oxide precursor (40) and lyxo-alkene 
(109) was carried out as previously outlined. Removal of the alkene on completion 
gave a pair of isoxazolines in 81% yield (Scheme 69). The diastereomer ratio was 
IDI:3 
found to be 79:21 by 'H NMR, with the isomers (157) and (158) proving to be 
inseparable by further chromatography. 
OAc 
Ac0 ° 


















Although the cycloadditions of glucose and galactose nitrile oxides (100) 
and (101) with lyxo-alkene (109) proceeded in high yield and good stereoselectivity, 
they proved difficult to crystallise or separate chromatographically. 
2.6.5 	Nitrite Oxide Dimerisation Reaction 
In all the cycloaddition reactions described so far there had been no signs of 
the nitrile oxide dimer on work-up. This was assumed to be due to the relative rate 
of reaction with the alkene being significantly more rapid than that for the 
dimerisation reaction. It was therefore decided to repeat the reaction, but in the 
absence of the dipolarophile. The acetate protected mannopyranosylnitromethane 
I M1 
(114), TDI and triethylamine were heated under reflux in toluene for 7 days. After 
removal of the excess TDI a single product was obtained in 90% yield as a crystalline 
solid. The compound was identified as 3,4-di-(2,3,4,6-tetra-O-acetyl-f3-D-












The product was identified by 'H and ' 3C NMR spectroscopy. These were 
assigned by comparison to the detailed study carried out for glucose based furoxan 
(162) (Section 2.7.7.1). 
The ' 3C NMR spectrum of the furoxan shows characteristic signals at 110.5 
and 1 52.7ppm, corresponding to C-3 and C-4 of the furoxan ring. As in the case of 
the glucose dimer (162), the signals in the range 62.1 and 77.2ppm appear to be 
"doubled up", providing evidence that two similar pyranose rings are present. 
The 'H NMR spectrum of the product is broadly similar to furoxan (162). 
The main difference observed is in the coupling constants of the 1'-H and 1 "-H 
signals. These are 0.9 and 1.0 Hz compared to 10.0 Hz. As expected, this is 
attributable to the difference in stereochemistry at C-2. The small f,, 2 coupling is 
consistent with the axial-equatorial relationship of the 1-H, 2-H protons in the 
110 
mannose ring. This is in contrast with the large trans-diaxial coupling observed for 
the glucose analogue. 
Further evidence for the furoxan product was obtained from FAB mass 
spectroscopy. In addition to the molecular ion peak (M+1) a prominent fragment 
was also present at (M-60). This characteristic breakdown peak is often present in 
furoxans and is due to the collapse of the heterocycle to an alkyne with expulsion of 
N202 during ionisation within the spectrometer (Scheme 71). The structure of 
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The it-facial selectivities for cycloaddition of nitrile oxides (100), (101) and 
(102) to a selection of the sugar derived alkenes studied are summarised in Table 4. 
The results obtained are in accordance with the "inside alkoxy effect" and its 
homoallylic modification (Section 2.9). Comparison of the diastereoselectivities 
observed for addition to the lyxo-alkene (109) and the acetate and benzoate protected 
xylo-alkenes shows broadly similar isomer ratios. This result suggests that inversion 
of configuration at C-2 in these 5,6-dideoxy-hex-5-enofuranose alkenes has a 
negligible effect on the cycloaddition stereoselectivities. The most likely explanation 
for this is due to the C-2 positions remote location from the newly forming 
stereocentre. In contrast, previous studies"' with C-3 epimeric ribo-alkenes resulted 
in cases with erythro:threo ratios of 51:49 and 42:58, emphasising the importance of 
















D-Galactose xylo 79:21 82% 
(101) (107) 
D-Glucose xylo 76:24 86% 
(100) (107) 
D-Mannose xylo 80:20 86% 
(102) (107) 
D-Galactose xylo 78:22 80% 
(101) (108) 
D-Glucose xylo 80:20 88% 
(100) (108) 
D-Mannose xylo 79:21 78% 
(102) (108) 
D-Galactose lyxo 76:24 89% 
(101) (109) 
D-Glucose lyxo 79:21 81% 
(100) (109)  
Table 4 
The cycloadditions discussed in this section illustrate the high yields (78-
88%) and good stereoselectivity which can be obtained from the Mukaiyama method 
of nitrile oxide generation. Although the reaction times were fairly long, the lack of 
unwanted dimerisation compensated for this minor disadvantage. There are however 
more serious restrictions to this methodology. Both the nitrile oxide precursor and 
alkene used must be fully protected, since free hydroxyl groups could react with the 
isocyanate present. Also, dipolarophules of limited thermal stability or low boiling 
113 
point cannot be used since the reaction is typically performed at 110°C for extended 
periods. Due to these restrictions it was decided to pursue an alternative set of 
cycloaddition conditions to complement those already discussed. 
114 
2.7 	Nitrile Oxide Cycloadditions: Oxidative Dehydrogenation of Pyranosyl 
Oximes 
As discussed in section 2.6 the Mukaiyama cycloaddition conditions yield 
good results for many dipolarophiles but suffer from certain restrictions. In order to 
avoid these problems an alternate route was devised which would allow a wider 
range of dipolarophiles to be investigated. It was preferable to make use of the 
already synthesised pyranosylnitromethanes, so these were converted to the 
corresponding oximes (Section 2.4). The nitrile oxides were generated from these 
using the method reported by Lee et al. 29 (Scheme 72). 
H
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NO 	 OH 
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Scheme 72 
General Procedure: The conversion of the oxime to the corresponding nitrile oxide 
was carried out in a two phase system using dichloromethane and water. The oxime, 
dipolarophile and catalytic triethylamine were added and the mixture treated 
dropwise with aqueous sodium hypochlorite solution at 0°C (Scheme 73). The 
reaction was monitored by t.l.c. and on completion the mixture extracted with 
dichloromethane and the solvent removed to give the crude products. This 
115 
cycloaddition system allows the use of unprotected reactants and also gives far 
quicker reaction times, typically less than 24 hrs at 0°C (compared to 7 days at 110°C 
for the dehydration approach). To test the efficiency of these synthetic conditions 
for the pyranosyl.- 1 -nitrile oxides, pilot experiments were carried out with styrene 
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Scheme 73 
2.7.1 	Reaction of D-Glucose Derived Oxime (116) with Styrene (104) 
The reaction was carried out as outlined in the general procedure. Oxime 
(116), excess styrene and triethylamine were reacted and the products purified by 
chromatography. The first band eluted was identified as a diastereomeric mixture of 
isoxazolines (160) and (161) in 53% combined yield (55:45 ratio estimated by ' 3C 
NMR). A more polar band (2 1%) was also obtained which was confirmed as furoxan 
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Scheme 74 
2.7.2 	Cycloaddition of 3,4,5,7-Tetra-0-acety1--D-g1ucopyranosy1-1 -nitrile 
Oxide (100) to Methylenecyclohexane (105) 
Oxime (116), excess methylenecyclohexane and triethylamine were reacted 
according to the general procedure and the products purified by chromatography. 
The products were identified as isoxazoline (135) and furoxan (162) in 32% and 53% 
yield respectively (Scheme 75). 
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2.7.3 	Cycloaddition of 3,4,5,7-Tetra-0-acety1--D-ga1actopyranosy1-1-nitri1e 
Oxide (101) to Methylenecyclohexane (105) 
The reaction was carried out as outlined in the general procedure. Galactose 
derived oxime (117), excess alkene and triethylamine were reacted and the products 
purified by chromatography. Isoxazoline (134) and furoxan (163) were obtained in 
38% and 55% yield respectively (Scheme 76). Characterisation was carried out by 
'H and ' 3C NMR, mass spectroscopy and by comparison with the authentic samples 
prepared previously (Section 2.6.1.4). 
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Scheme 76 
The model reactions using the oxime method proceeded in moderate yields 
(32-53%) for the isoxazoline products. This was primarily due to a significant 
amount of nitrile oxide dimerisation during the reaction. In contrast, the Mukaiyama 
118 
dehydration conditions showed no signs of furoxan by-products but required 
substantially longer reaction periods (7 days compared to <24 hrs). 
2.7.4 	Cycloaddition of D-Glucose Derived Nitrile Oxide (100) to Methyl 5,6- 
Dideoxy-2,3-0-isopropylidene-a-D-lyxo-hex-5-enofuranoside (109) 
The reaction was carried out as outlined in the general procedure. Oxime 
(116), excess alkene and triethylamine were reacted and the products purified by 
chromatography. The first band eluted was identified as a diastereomeric mixture of 
isoxazolines (157) and (158) in 45% yield. A more polar band was also obtained 
which was confirmed as the nitrile oxide dimer (162) in 42% yield (Scheme 77). The 
cycloadduets proved to be inseparable by chromatography and were isolated as a 
79:21 ratio of isomers (as determined by 'H NMR). 
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2.7.5 	Cycloadditions to 5,6-dideoxy-1 ,2-O-isopropylidene-a-D-xylo-hex-5- 
enofuranose (106) 
The next stage was to study cycloadditions to dipolarophiles which could 
not be carried out under Mukaiyama dehydration conditions. It was decided to 
attempt cycloaddition with sugar derived alkene (106) which contained an 




2.7.5.1 3,4,5,7-Tetra-0-acetyI-3-D-g1ucopyranosy1-1-nitri1e Oxide (100) 
Oxime (116), excess alkene and triethylamine were reacted according to the 
general procedure and the products separated by chromatography. The following 
compounds were isolated in order of elution: unreacted alkene; a mixture of 
isoxazolines (164) and (165) in 40% combined yield (72:28 isomer ratio determined 
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Scheme 78 
2.7.5.2 3,4,5,7-Tetra-0-acety1-3-D-ga1actopyranosy1-1-nitri1e Oxide (101) 
Reaction of oxime (117), excess alkene and triethylamine was carried out 
according to the general procedure and the products purified by chromatography. 
The unreacted alkene was recovered and the products were identified as a mixture of 
isoxazolines (166) and (167) in 36% combined yield (75:25 ratio determined by 'H 
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Scheme 79 
2.7.6 	Cycloaddition of 3,4,5,7-Tetra-0-acety1--D-g1ucopyranosy1-1-nitri1e 
Oxide (100) to Norbornene (168) 
Norbomene (168) was selected as a dipolarophile as it is known to be highly 
reactive towards nitrile oxides.' 4° For example, it has been shown to react —1 5 times 
faster than styrene with benzonitrile oxide. Oxime (116) and norbornene were 
reacted as previously described and the products separated by chromatography. The 
first band eluted was a mixture of diastereomeric isoxazolines (169) and (170) in 
76% combined yield (61:39 isomer ratio estimated by ' 3C NMR). A small amount of 
the nitrile oxide dimer was also detected (5%) (Scheme 80). 
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Cycloaddition to norbornene could afford four possible adducts (Figure 29). 
Of these the reaction is found to give only exo products. This result is in agreement 
with literature"' studies, where nitrile oxides are reported to add exclusively on the 
exo-face of norbornene. 




2.7.7 	Nitrite Oxide Dimerisation Reactions 
The cycloadditions carried out using the oxime based methodology with 
selected alkenes resulted in the nitrile oxide dimer being isolated in varying amounts. 
It was therefore expected that this would provide a good route to these furoxans, 
proceeding far more rapidly than the Mukaiyama method previously investigated 
(Section 2.6). 
2.7.7.1 Dimerisation of 3,4,5,7-Tetra-0-acetyl-f3-D-glucopyranosyl-1-nitrile 
Oxide (100) 
A solution of oxime (116) was added to a two phase system containing 
triethylamine and sodium hypochlorite in water-dichloromethane (Scheme 81) and 
the reaction stirred vigorously overnight at room temperature. Extraction and 
crystallisation gave a solid which was identified as 3,4-di-(2,3,4,6-tetra-O-acetyl--
D-glucopyranosyl)-1,2,5-oxadiazole-2-oxide (162) in 88% yield. 
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The 'H NMR spectrum of the product in CDC1 3 proved to be difficult to 
assign, with the pyranose protons of each ring coinciding at almost every position 
(Figure 30). The only resolvable signals corresponded to the 1-positions in each ring 
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(adjacent to the heterocycle). These appeared as two partially overlapping doublets 
each with coupling constants of 10.1 Hz. 
2.2' 	3'.3',4,4" 	 1',I" 6'2.6"i 	6b,6'b 	S'." 
5.0 	 4.0 
Figure 30 
In an attempt to study the protons of each independent sugar ring, selected 
solvent shift experiments were carried out. Deuterated benzene was added to the 
original CDC13 solution and the 'H NMR spectrum analysed. This procedure was 
repeated until the maximum solvent shift was obtained (Figure 31). The most 
pronounced effect was seen at the 1-H positions as expected, as well as resolving 
each of the 5-H signals. The 3J, 2 values in each sugar moiety were again confirmed 
to be 10.1 Hz. 
MIMIFA 
2' 2" 	3', 3" 	 6'a 6"a 6'b 6"b 	 5' 5" 
41 4" 
60 	55 	50 	45 	40 	35 	30 
Figure 31 
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The best results were eventually obtained using deuterated acetone, allowing 
a more complete analysis (Figure 32). A comparison of these values with those of 
the protected glucopyrariosylnitromethane (40) is shown in Table 5. COSY and 
HETCOR experiments were also carried out in d 6-acetone to allow an almost 
complete 'H and ' 3C NMR assignment. 
3 ,, 	 6 1 'a 	- - 611b 














1,2 10.1 10.0 10.0 
2,3 9.3 9.3 9.3 
3,4 9.3 9.3 9.3 














The ' 3C NMR spectrum of the furoxan shows characteristic signals at 111.6 
and 1 53.4ppm, which are consistent with the expected chemical shifts of C-3 and C-4 
of the furoxan heterocycle. A "doubling up" of the signals between 66.9 and 
75.5ppm is also observed, as would be predicted for the two near identical pyranose 
rings present in the molecule. The similarity in the coupling constants suggests that 
these rings adopt the same chair conformation as that found in the 
glucopyranosylnitromethane derivative. 
2.7.7.2 Dimerisation of 3,4,5,7-Tetra-0-acety1--D-ga1actopyranosy1-1-nitri1e 
Oxide (101) 
A solution of oxime (117) was added to a two phase system containing 
triethylamine and sodium hypochlorite in water-dichloromethane (Scheme 82). 
Overnight stirring at room temperature, followed by extraction and crystallisation, 
gave a solid which was identified as 3,4-di-(2,3,4,6-tetra-O-acetyl-3-D-
galactopyranosyl)-1,2,5-oxadiazole-2-oxide (163) in 90% yield. The product was 
characterised by 'H and ' 3C NMR, mass spectroscopy and by comparison with the 




The oxime route to 2-isoxazolines showed a number of advantages over the 
Mukaiyama dehydration approach. The main benefits were in the use of 
dipolarophiles which could not previously be employed. Examples of these were 
compounds with free hydroxyl groups or which were unstable at elevated 
temperatures. The method also proved to be rapid and was ideally suited to furoxan 
synthesis. 
A number of disadvantages were encountered with this methodology 
however. The formation of furoxan by-products greatly increased, thus lowering the 
isoxazoline yields. This can be attributed to a greater concentration of the 
intermediate nitrile oxide. The ratio of cycloadducts to furoxan was found to 
correlate closely with the reactivity of the dipolarophile employed. Table 6 
summarises the yields for addition of D-glucose derived nitrile oxide (100) to a 
selection of alkenes. As can be seen the relatively unreactive methylenecyclohexane 
gave the lowest product yield, resulting in over 50% of the nitrile oxide dimerising to 
the furoxan. 
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Dipolarophile % Isoxazoline % Furoxan 
J l05 32 53 






II 	I 53 21 
104 
/  168 
76 5 
Table 6 
There were also still restrictions on which dipolarophiles were compatible 
with the two phase reaction conditions. Pilot reactions carried out using dimethyl 
acetylenedicarboxylate (171) (DMAD), which is known 142  to be reactive towards 
nitrile oxides, did not proceed as hoped. The main product (90%) was identified as 
nitrile (172) instead of the required 3,4,5-substituted isoxazole (173). 
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2.8 	Nitrile Oxide Cycloadditions: Dehydrochiorination of Pyranosyl 
Hydroximoyl Chloride (118) 
As discussed in sections 2.6 and 2.7 the nitromethyl sugar and sugar oxime 
approaches to nitrile oxide generation complement each other, giving a wide range of 
reactions for which one or both methods are applicable. There were, however, still 
some dipolarophiles for which neither method was satisfactory. The next logical step 
was therefore the conversion of the glycosyl oxime to the corresponding 
hydroximoyl chloride. A number of conditions were attempted for this reaction 
including N-chlorosuccinimide as the chlorinating agent. The optimum conditions 
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116 118 
Scheme 83 
With the hydroximoyl chloride (118) synthesised this could be reacted 
under classic Huisgen conditions25 to give the nitrile oxide in situ (Scheme 84). 
OAc 	 OAc 
AcO R CI 
	 Base 	
AcO C_N+O - 
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2.8.1 	Cycloaddition to Dimethyl Acetylenedicarboxylate 
The first cycloaddition attempted was addition of the D-glucose nitrile oxide 
(100) to DMAD, which had proved problematic under the two phase conditions. The 
reaction was carried out by slow syringe pump addition (24 hrs) of a solution of 
triethylamine in ether to a cooled solution of the hydroximoyl chloride (118) and 
excess DMAD (5 eq) at 0°C in ether. These conditions were employed to minimise 
the formation of the furoxan dimer by maintaining a low concentration of the dipole 
in the presence of excess dipolarophile. Purification by chromatography gave a small 
quantity of the furoxan (162) (7%) and dimethyl 3-(2,3,4,6-tetra-O-acetyl-13-D-
glucopyranosyl)-isoxazole-4,5-dicarboxylate (173) in 73% yield (Scheme 85). 
OAc 
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As predicted the 'H NMR spectrum of the isoxazole shows a lack of signals 
at 2.5-3.0 ppm, indicating the absence of the geminal 4-H ring protons usually 
observed in the isoxazoline cycloadducts. A comparison of the glucosyl isoxazole 
product to glucose nitrile oxide based isoxazoline (135) indicates the proton signals 
of the pyranose ring are broadly similar. The main difference noted is a significant 
shift of the 1'-H doublet signal from -4.3 to 4.9 ppm, illustrating the stronger 
deshielding effect of the isoxazole compared to the isoxazoline heterocycle. The two 
CO2Me groups are observed as singlets at 3.93 and 3.97 ppm. 
The ' 3C NMR spectrum contains characteristic peaks at 156.1 and 115.1 
ppm. These correlate with expected 141  values for C-3 and C-4 in isoxazole 
heterocyclic systems. The signals for C-S overlap with those of the methyl esters 
(c02C113) and are located at 158.7, 160.0 and 160.2 ppm. 
2.8.2 	Cycloaddition to Ethyl Propiolate (174) 
Ethyl propiolate was selected as a dipolarophile to study not only the 
suitability of the reaction conditions but also to investigate the regioselectivity of the 
cycloaddition with an unsymmetrical acetylenic dipolarophile. 
D-Glucose derived nitrile oxide (100) was generated from hydroximoyl 
chloride (118) in situ by dehydrochlorination with base. The cycloaddition was 
carried out as previously outlined by slow addition of triethylamine via syringe pump 
to a cooled solution of the hydroximoyl chloride and excess ethyl propiolate (5 eq). 
Furoxan (162) (15%) and an inseparable mixture of regioisomeric isoxazoles (175) 
and (176) (69% combined yield) were isolated by chromatography (Scheme 86). 
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The ratio of the regioisomers was determined using 1 H NMR, by integral 
comparison of the single isoxazole ring proton at 8.86 and 7.00 ppm for the 4- and 5-
substituted products respectively. The ratio was found to be 85:15 in favour of the 5-
substituted product. This regioselectivity is consistent with literature"' results, 
where cycloaddition of benzonitrile oxide to methyl propiolate was found to favour 
the 5-substituted adduct in a 72:28 ratio. 
2.8.3 	Nitrile Oxide Dimerisation Reaction 
The reaction was carried out by addition of triethylamine to a solution of the 
glucose derived chloroxime (118) in the absence of a dipolarophile (Scheme 87). 
Work-up and evaporation gave a single product which was identified as 3,4-di- 
133 
(2,3 ,4,6-tetra-O-acety1-3-D-glucopyranosy1)- 1,2,5 -oxadiazole-2-oxide (162) in 96% 
yield. 
OAc 












The hydroximoyl chloride proved in many respects to be the most 
synthetically useful of the three nitrile oxide precursors. The yields obtained were 
generally superior to those using the oxime method, with far less dimerisation to the 
unwanted furoxan. The main advantage, however, was in the ability to use a far 
wider selection of dipolarophiles than was possible in either the Mukaiyama or 
oxime method. Although the hydroximoyl chloride gave a number of benefits, it was 
not superior to the other methods in all cases. This was primarily due to the extra 
synthetic steps required to convert the pyranosylnitromethanes to the oximes and 
hydroximoyl chlorides, therefore lowering the overall yields to the cycloadducts. 
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2.9 	Stereoselectivity of Nitrite Oxide Cycloaddition Reactions 
In the cycloadditions to the hex-5-enofuranoses (106), (107), (108) and 
(109) the reaction was found to be regiospecific in favour of the 5-substituted 2-
isoxazolines. The it-facial selectivity was found to be more variable, but in all cases 
the erythro products were favoured. The most widely accepted explanation for the it-
facial selectivity observed for these chiral allyl ethers is the "inside alkoxy effect" 
proposed by Houk.' 45 
This theory is based on a Felki& 46-Anh' 47 type transition state in which the 
allylic substituents are staggered with respect to the incoming nitrile oxide oxygen 
(Figure 33). 
N 
a = anti 
O 	i = inside 
/ 0 = outside 
Figure 33 
The six possible transition states for cycloaddition to an allyl ether (Figure 
34) consist of three that lead to the major erythro products (A, B, C) and three that 
give the minor threo isomer (A', B', C'). 
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The relative energies of these transition states was calculated by Houk and 
found to be in ascending order A<A'<B<B'<C<C'. In the lowest energy state (A) 
the alkoxy group (OR') is in the inside position with the most sterically demanding 
position occupied by the hydrogen. The alkyl group (R) occupies the least sterically 
hindered anti position. It was concluded that transition state A is responsible for 
erythro isomer formation and that the minor threo isomer results from state A'. 
The increase in ic-facial selectivity as the size of the alkyl group R increases 
is explained by studying the effect of varying C=C-C-R dihedral angle 0 on transition 
states A and A' (Figure 35). As the size of the R group increases this has the effect 
of increasing the angle 0. In state A this reduces unfavourable lone pair interactions 
between the nitrile oxide and alkoxy oxygens. Conversely in state N an increase in 0 
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brings the alkoxy and nitrile oxide oxygens closer together, destabilising the 
transition state further with respect to A. 
N0 	 N0 
I 






The preference of the alkoxy group for occupying the inside position over 
the anti position is explained by Houk"' in terms of secondary orbital interactions. 
The nitrile oxide cycloaddition process is slightly electrophilic resulting in the it-
bond of the allyl ether becoming electron deficient in the transition state. Electron 
donating substituents therefore stabilise the transition state and electron withdrawing 
groups destabilise it. Due to overlap between a 0 and the n-bond orbital the alkoxy 
group becomes electron withdrawing when in the anti position. In the inside position 
this unfavourable overlap is minimised since the alkoxy group is near the plane of the 
ic-bond. It is also further stabilised by maximal overlap of the it-orbital with the 
electron donating YCH and oR orbitals. 
More recently De Micheli et al.'26 have examined the diastereoselectivity of 





X = H; OH; OBn ; OCOCH 3 ; OMs; OCONH2 
Oxygen substituents at the homoallylic position (3-position) were found to 
give significantly higher erythro selectivity than Houk's "inside alkoxy" calculations 
would predict. For example, cycloaddition of formonitrile oxide to alkene (177) with 
a 3-methoxy group shows an experimental selectivity of 96.5:3.5. This was in 
contrast to a predicted theoretical value of 67:33. Since Houk' s calculations were 
based only on steric effects De Micheli concluded that the homoallylic oxygen must 
effect the selectivity in a stereoelectronic manner. It was proposed that for the 
transition states where R is anti (A and A') the homoallylic oxygen lone pairs may 
cause destabilisation via an unfavourable through space t-bond interaction (Figure 
36). In transition state B this interaction does not occur, thus increasing the 
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2.10 	Ring Opening Reactions 
In the previous section it was shown that two moieties, one or both of which 
can be sugar derived, are able to be linked by nitrile oxide cycloaddition chemistry. 
The next stage in the synthesis is to cleave the isoxazoline ring to release the masked 
functionality it contains. The two principle options available are hydrolytic ring 
cleavage (hydrogenolysis) to the f-hydroxy ketone or reduction under anhydrous 
conditions to yield the y-amino alcohol (Scheme 88). 
NH 2  OH 
Scheme 88 
The first ring cleavage of a 2-isoxazoline to a -hydroxy ketone was 
reported by Torssell' 48 in 1978. Since then a number of reaction conditions have 
been developed for cleavage of the isoxazoline ring. The most common of these is 
catalytic hydrogenolysis' 4 using either palladium on charcoal or Raney nickel. These 
supported metal catalysts break weak interheteroatom bonds faster than carbon-
heteroatom multiple bonds, resulting in cleavage of the N-O bond to give the 13-
hydroxy imine intermediate (Scheme 89). This is further reduced to the y-amino 
alcohol or hydrolysed to the 13-hydroxy ketone. 
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Normally the reaction is carried out under mildly acidic conditions and the 
3-hydroxy imine is not detected, being quickly hydrolysed on formation. The above 
proposed mechanism is supported, however, by the isolation in some cases of the 13-
hydroxy imines, e.g. (178)149  and (179).150  These compounds were then resubjected 
to the hydrolysis conditions to give the corresponding 13-hydroxy ketones, thereby 
providing evidence of the suggested mechanism. 
OH 	NH 
 
Me 	 NH OH 
TMSOJJ. (J< M: 
Me 
Me Me Me 
179 Me Me 
178 
In certain circumstances it has been reported that epimerisation can occur 
during the ring opening reactions, leading to a mixture of diastereomers. Curran" 
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has proposed that this can also be explained by the tautomerism of the intermediate 
-hydroxy imine (Scheme 90). Rapid hydrolysis can prevent this epimerisation 
taking place. 
Me 	 Me 	 Me 
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These ring opening reactions are typically carried out in aqueous methanol 
solution with an acid present. This is added to aid imine hydrolysis by protonation of 
the imine nitrogen and also to neutralise the ammonia generated during the reaction. 
A number of acids have been employed for this task including acetic acid"', conc. 
hydrochloric acid", aluminium 42 and boron trichlorides' 52 and acetate and phosphate 
buffers.' 53 Recently boric acid"' has become widely acknowledged as the reagent of 
choice, due to its effectiveness in minimising epimerisation. One possible 
explanation for this is that the hydrolysis of the 3-hydroxy imine proceeds via a 






2.10.1 Deacetylation of 2-Isoxazolines 
Previously within the group the ring opening hydrogenation reaction under 
both PdJC and Ra-Ni catalysed conditions has been studied, and it was found that 
ring cleavage of carbohydrate isoxazolines bearing acetate protecting groups gave a 
mixture of several products.' 54 This was attributed to partial deacetylation during the 
ring opening reaction, giving a complex mixture of partially protected 3-hydroxy 
ketones. This problem was avoided by initial deprotection, followed by ring 
cleavage, giving a single 3-hydroxy ketone in good yield. 
The deacetylation reactions were carried out using a modification of the 
procedure of Flertzig et al. ' 55 This method involves a cyanide catalysed deacetylation 
which is both a simple and mild reaction, and provides good results for the 
deprotection of polyacetylated sugars. The proposed mechanism involves 
nucleophilic attack by the cyanide ion at the carbonyl of the acetate group, followed 


















An alternative method which was also employed was the standard literature 
method using sodium methoxide in methanol followed by deionisation with ion 
exchange resin. Benefits of this include avoiding the use of toxic potassium cyanide 
and .a work-up procedure better suited to the polar products obtained. 
Initial deprotections utilising sodium methoxide in methanol proceeded in 
high yield (typically >90%). Although this reaction was satisfactory, deionisation 
with Amberlite resin was required to remove the ions present. It was decided to 
attempt a simpler procedure using a saturated ammonia in methanol solution"', 
which was simple to prepare and no deionisation was required in the work-up, since 
the by-products formed were volatile. 
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2.10.1.1 Deacetylation 	of 	5-(spirocyc1ohexy1)-3-(2,3,4,6-tetra-O-acety1-3-D- 
galactopyranosyl)-2-isoxazoline (134) 
This test deprotection was carried out by suspending isoxazoline (134) in 
methanol and adding a saturated solution of ammonia in methanol (Scheme 92). The 
reaction was stirred under nitrogen and monitored by TLC until all the starting 
material had been consumed (Ca 5 brs). The solvent was then removed and the 
residue co-evaporated with methanol to give the product (180) in near quantitative 
(95%) yield. Both the 'H and ' 3C NMR of the product show a lack of signals which 
could correspond to the acetyl groups. 
AcO OAc 










2.10.1.2 Selective Deprotection of (5R)-5-(3-O-acetyl-1 ,2-O-isopropylidene-cx-D-
xylo-tetrofuranos-4-y1)-3-(2,3,4,6-tetra-O-acetyI-3-D-ga1actopyranosy1)-
2-isoxazoline (141) and (5R)-5-(3-O-benzoyl-1 ,2-O-isopropylidene-ct-D-
xyIo-tetrofuranos-4-y1)-3-(2,3,4,6-tetra-O-acety1-3-D-g1ucopyranosyl)-2-
isoxazoline (149) 
Treatment of isoxazolines (141) and (149) with saturated ammonia in 
methanol solution according to the general procedure outlined above afforded 
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2.10.1.3 Selective 	Deprotection 	of 	3,4-di-(2,3,4,6-tetra-O-acetyl-3-D- 
glucopyranosyl)-1,2,5-oxadiazole-2-oxide (162) 
With the deprotections proceeding in excellent yields, deacetylation of the 
D-glucose derived furoxan (162) was attempted. Using the general conditions 
outlined above, the expected product was isolated and identified by 'H, ' 3C NMR and 
mass spectroscopy (Scheme 93). 
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The ' 3C NMR spectra of the acetylated and deprotected furoxans (162) and 
(183) were found to be similar, except for the lack of acetyl resonances in the latter. 
The furoxan ring carbon C-3 moved from 112.2 to 115.4 ppm while C-4 shifted from 
153.2 to 156.0 ppm. The proton spectrum of the compound proved difficult to 
analyse as nearly all the ring proton signals coincided in the region 3.3-4.0 ppm. 
2.10.2 Pd/C Catalysed Hydrogenolysis of 2-Isoxazolines 
It was initially decided to investigate the ring cleavage of isoxazoline (180) 
since this could be synthesised in good yield and gave only a single isomer. Previous 
conditions 121  used in the group were employed. The isoxazoline (leq), 10% Pd/C 
(100mg per mmol of isoxazoline) and boric acid (6 eq) were dissolved in 5:1 
methanol:water. A small amount of THF was also added to aid the dissolution of the 
isoxazoline. The reaction mixture was then stirred vigorously under a H 2 atmosphere 
and the progress of the reaction monitored by t.l.c. It was found that in both the case 
of isoxazoline (180), and in test experiments with its per-O-acetylated precursor 
(134), the reaction proceeded very slowly, with only traces of the product apparent 
even after 7 days. The reaction was attempted with an alternative isoxazoline (181) 
and similar results were obtained. 
2.10.3 Raney-Nickel Catalysed Hydrogenolysis of Isoxazoline (149) 
Due to the problems encountered with the palladium-charcoal catalysed 
hydrogenolysis, pilot scale reactions were carried out with the alternative Ra-Ni 
catalyst. Since the high polarity of the deprotected isoxazolines created solubility, 
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crystallisation and purification difficulties, ring openings on isoxazolines without 
prior removal of the acetate groups were also attempted. If successful this would 
prove advantageous not only during workup but also in subsequent reaction steps. 
The reaction was carried out using previously prepared" Raney-nickel in a 
5:1 mixture of methanol and water under an atmosphere of hydrogen. A small 
amount of THF was added to aid dissolution and boric acid used as the acidic 
additive. It was found that the ring opening proceeded at a far higher rate under these 
conditions, with t.l.c evidence for consumption of the reactant and appearance of the 
-hydroxy ketone (184) after 24 hours. After 48 hours only traces of starting 
material remained and t.l.c showed a new band which stained with Brady's reagent. 
Baseline bands were also present which stained with ninhydrin and were most likely 


















(I) Ra-Ni, H2, B(OH6 MeOH, H 20, THF 
Scheme 94 
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Chromatography of the reaction mixture gave the -hydroxy ketone (184) in 
60% yield. The product was characterised by FAB mass spectroscopy, 'H and ' 3C 
NMR. 
The proton spectrum for the product is similar to that of the parent 
isoxazoline (149). The main difference is in the signals for the region C-5 to C-7. 
As anticipated cleavage of the isoxazoline ring results in a characteristic change in 
both chemical shift and coupling constant values for the geminal 6a,6b protons 
(Figure 38). A significant change in chemical shift is also observed for the adjacent 
ring proton (5-H) from 4.83 to 4.3ppm. 
N 	0 











The ABX pattern noted in the 'H NMR spectrum for compound (184) is 
attributable to 5-H and 6a,6b-H. Proton 5-H shows distinct axial-equatorial and 
trans-diaxial couplings of 2.0 Hz and 8.6 Hz to 6a-H and 6b-H. This is consistent 
with the -hydroxy ketone adopting a hydrogen-bonded half-chair conformation 
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(Figure 39), allowing the bulky furanosyl substituent (R') to occupy the sterically 














The carbon spectrum of the product is similar to that of isoxazoline (149) 
except for two main differences. The ring carbon C-5 is located at a lower chemical 
shift (from 76.9 to 64.3 ppm) and more prominently the C=N of the isoxazoline at 
155.4 ppm is replaced by a carbonyl signal at 205.3 ppm This 6 value is 
characteristic of a carbonyl group. 
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2.11 	Conclusions and Future Work 
The work discussed in this thesis demonstrates that nitrile oxide / 
isoxazoline chemistry may be successfully employed in the synthesis of C-glycoside 
and C-disaccharide precursors. Selection of the required pyranosyl- 1 -nitrile oxide 
and alkene, together with various isoxazoline ring cleavage methods, allows access to 
a wide range of analogues with alternative bridge functionalities. Cycloadditions to 
0)-unsaturated sugar derived alkenes gave C-disaccharide precursors in good to 
excellent yield (78-90%) and with significant diastereoselectivity (42-62% d.e.) 
Complementary methods of nitrile oxide generation from 
pyranosylnitromethanes were investigated. Both hypochlorite-mediated oxidative 
dehydrogenation of pyranosyl oximes and dehydrochiorination of a pyranosyl 
hydroximoyl chloride proved synthetically valuable (Scheme 95, for D-glucose). 
OAc H 
AcO 







OAc 	 OAc 
40 
AcO 	
100 	 1 	OAc 
CI 
AcO 





Access to these three nitrile oxide generation methods greatly enhanced the 
scope of the cycloaddition stage, offering increased compatibility with a wider range 
of nitrile oxide and dipolarophile constituents. 
Further study of the regio- and stereoselectivity during cycloaddition 
reactions to other selected dipolarophiles (Figure 40) is still required to fully assess 
the synthetic utility of the hydroximoyl chloride approach. Examples worthy of 
study include ethyl cyanoformate (186) and hexachloroacetone (187) which would 
yield 1,2,4-oxadiazole and 1,3,5-dioxazoline heterocyclic compounds, as well as allyl 
alcohol (188) to test the reactions compatibility with other functionalities. 
C1 3C 
EtO2C—CN 	 0 	 OH 
c13c 
186 	 187 	 188 
Figure 40 
In addition to cycloaddition reactions to alkene based fragments, 
investigation of the nitrile oxide dimerisation reaction was carried out. The resultant 
furazan N-oxides (furoxans) were obtained in excellent yields and represent (1—>I)- 
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R=Ac 162 
Figure 41 
These compounds offer a great deal of synthetic potential. Firstly, they 
might represent a stable source of the nitrile oxide, which could be generated by 
thermal cycloreversion. The heterocyclic ring could also be cleaved by reduction to 
provide routes to dioxime bridged pseudo C-disaccharides (Scheme 96). 
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Scheme 96 
The study of selected deprotection and ring cleavage reactions proved to be 
encouraging, with deprotection of the glucose derived dimer (162) providing an 
interesting example of a sugar-based, water-soluble furoxan. These results, together 
with previous work within the group"', indicate advancement from the 2- 
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isoxazolines to the final synthetic targets should prove successful. For example, 
Young has shown during the synthesis of higher sugars that reduction of - 
hydroxyketone (189) to the 1 ,3-diol was possible by treatment with NaBH 4 . 
Subsequent removal of the acetal protection was followed by furanose to pyranose 
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All 'H and ' 3C NMR spectra were recorded on Bruker AC250, WP200SY and 
WH360 instruments by Mr J. R. A. Millar, Mr W. Kerr and Dr. D. Reed. Two-
dimensional spectra were typically recorded on the WH360 instrument. Chemical 
shifts (6) in all spectra are measured in parts per million using tetramethylsilane (6 = 
0.0) as the reference signal. 
Fast Atom Bombardment (FAB) mass spectra and exact mass measurements 
were recorded using a Kratos MS50TC instrument using either glycerol or 
thioglycerol as a matrix by Mr A. Taylor and Mr H. McKenzie. 
Melting points were measured on a Gallenkamp capillary tube apparatus and 
are uncorrected. Optical rotations were measured on an Optical Activity Polaar 20 
polarimeter using 5 ml of filtered solution. JR spectra were obtained as liquid films 
or nujol mulls on a Perkin Elmer Paragon 1000 FT-JR spectrometer and are quoted in 
wavenumbers (cm'). 
The X-ray structural analyses of 116, 119, 144 and 149 were carried out by 
Dr. S. Parsons. 
3.1.2 Chromatography 
Analytical thin layer chromatography was carried out using Merck 
aluminium-backed plates coated with Kiesegel GF 254 (0.2 mm). Preparative thin 
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layer chromatography (TLC) was carried out on glass plates (20 cm x 20 cm) coated 
with a layer of Kieselgel GF 254 (0.5 mm) containing 13% calcium sulfate and a 
fluorescent indicator. 
Dry flash chromatography was performed using sintered funnels of various 
diameters filled with Kieselgel GF 254 and eluted under a water pump vacuum. 
Medium pressure liquid chromatography (MPLC) was carried out using two 1 
metre columns packed with Kieselgel 60. Elution was performed at a pressure of 40-
50 psi. 
3.1.3 	Solvents and Reagents 
All reagents and solvents were standard laboratory grade and were used as supplied 
unless otherwise stated. 
Dry ether and toluene were Analar grade dried over sodium wire. 
Dry chloroform was obtained by distillation from calcium chloride and stored over 
4A molecular sieves. 
Dry pyridine was Analar grade distilled from and stored over potassium hydroxide. 
Dry THF was freshly distilled from calcium hydride. 
Acetic anhydride was purified by fractional distillation and stored over 4A molecular 
sieves. 
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3.2 	Synthesis of Nitrile Oxide Precursors 
3.2.1 	Acetylated 2,6-Anhydro-1-deoxy-1-nitroalditols 
These compounds were prepared from D-glucose, D-mannose, D-galactose 
and L-fucose by a modified version of the procedure of Köll et al. 120 
3.2.1.1 1-Deoxy-1-nitroalditols 
The title compounds were prepared from the corresponding aldoses by a 
modified Fischer-Sowden reaction 121  using the general procedure described below 
General Procedure. The aldose (0.17 mol) suspended in a methanol (50 cm) and 
nitromethane (90 cm) mixture was stirred protected from moisture (CaCl 2  guard 
tube). A freshly prepared sodium methoxide solution (5.25 g Na in 175 cm' MeOH, 
0.23 mol) was slowly added and the mixture stirred overnight. After cooling the 
reaction in an ice bath, the light brown solid was filtered off, sucked as dry as 
possible, washed with ice-cold methanol (50 cm3) and again sucked dry. The 
resulting solid was quickly dissolved in ice-cold water and passed down a column of 
Amberlite IR-120 (H) resin (300 g). Water (100 cm') was passed down the column 
and the combined eluants concentrated in vacuo until only water distilled over. The 
product was not isolated but taken directly to the next stage. 
3.2.1.2 2,6-Anhydro-1-deoxy-1-nitroalditols 
These compounds were prepared by acid-catalysed cyclisation of the 1-
deoxy- 1 -nitroalditols using a modified literature"' procedure. 
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General Procedure. The solution of 1 -deoxy- 1 -nitroalditol obtained previously was 
refluxed for 24 hrs. Activated charcoal (10 g) was added and the mixture heated for a 
further 2 hrs. The mixture was hot filtered through a celite pad and the water 
removed under reduced pressure. In the cases where crystallisation of the resultant 
oil proved unsuccessful, water (30 cm) was added and the concentrated solution 
transferred to a liquid-liquid extractor. Continuous extraction (water/ethyl acetate, 
-48 hrs) followed by concentration of the ethyl acetate afforded the products as 
crystalline solids, which were sufficiently pure to be used in subsequent reactions. 
3.2.1.2.1 	2,6-Anhydro-1-deoxy-1-nitro-D-g/ycero-L-manno-heptitol 
(113a) 157 
HO 	OH 	 Concentration of the aqueous solution followed by co- 
7 
0 	 evaporation with ethanol gave the product as white 
HO 	
NO 
OH 	 needles (4.84 g, 20% from D-galactose); mp 198.1- 
200.3°C (lit. 117 199-200°C); 8H(360 MHz, D 20) 3.48, 3.56-3.66, 3.87 (611, 2 x dd, m, 
3-H, 4-H, 5-H, 6-H, 7a-H, 7b-H), 3.94 (1H, ddd, lb2  2.6, 1 1 a,2 8.8, J23 9.9, 2-H), 4.58 
(1H, dd, 	8.8, J1,1b  13.5, la-H), 4.86 (1H, dd, Jlb,2  2.6, 11a,Ib  13.5, lb-H); & (63 
MHz, D20) 61.1 (C-7), 67.8, 69.0, 73.7, 76.5, 78.8 (C-2, C-3, C-4, C-5, C-6), 76.6 
(C-l); mlz (FAB) Found: M+1, 224.07766. C 7H, 4N07 requires M+1 224.07703. 
3.2.1.2.2 	2,6-Anhydro-1-deoxy-1-nitro-D-g/ycero-D-gulo-heptitol (112) 1 
OH 	 Liquid-liquid extraction followed by concentration of 
HO






crystals (8.76 g, 23% from D-glucose). Subsequent crops of crystals were obtained 
from the mother liquor by recrystallisation from ethanol; mp 173.8-175.2°C (lit."' 
175-1760C); [a]18D  +20.0° (c = 1.0, H20); 8H (360 MHz, D20) 3.23-3.46 (4H, m, 3-H, 
4-H, 5-H, 6_H), 3.58 (111, dd, j67a  1.9, J7a,7b  12.4, 7a-H), 3.75 (1H, dd, J6,7b  5.1,  J7a,7b 
12.4, 7b-H), 3.99 (1H, ddd, Jlb,2  2.6, jIa2  8.7, J23 10.0, 2-H), 4.58 (1H, dd, Jla,2  8.7, 
lIb 13.5, la-H), 4.85 (111, dd, lb2  2.6, JIaIb  13.5, lb-H); & (63 MHz, D20) 60.6 (C-
7), 69.4, 70.5, 76.0, 77.1, 79.6 (C-2, C-3, C-4, C-5, C-6), 76.6 (C-i); mlz (FAB) 






Liquid-liquid extraction followed by concentration 
HO-'' 	1 
HO 	 NO 2 of the ethyl acetate gave the product as large white 
crystals (5.8 g, 45% from D-mannose); mp 148.9-151.4°C (lit. 117  151-152°C); [a]'8D 
-19.0° (c = 1.0, H 20);8c (63 MHz, D20) 61.0 (C-7), 66.7, 69.2, 73.6, 74.6, 80.0 (C-2, 
C-3, C-4, C-5, C-6), 76.5 (C-i); m/z (FAB) Found: M+1, 224.07716. C 7H14N07 
requires M+1 224.07703. 
3.2.1.2.4 	2,6-Anhydro-1 ,7-dideoxy-1-nitro-L-glycero-D-manno-heptitol 
(115a) 
OH NO2 Concentration of the aqueous solution followed by co- 
H 3C 
OH 	
evaporation with ethanol gave a solid which was 
HO 
recrystallised from ethanol to give white needles (375 
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mg, 15% from L-fucose). Liquid-liquid extraction followed by concentration of the 
ethyl acetate gave subsequent crops of crystals; mp 184.4-185.1°C; [a]'8D  -36.7° (c 
0.3, H20); oH (250 MHz, D20) 1.17 (3H, d, J67 6.6, 7-H), 3.51 (1H, dd, J23 9.7, J34 
9.6, 3-H), 3.67 (1H, dd, J3,49.6,  J45 3.4, 4-H), 3.73-3.82 (2H, m, 5-H, 6-H), 4.01 (1H, 
ddd, JIb,2  2.5, jIa2  8.9, J2,39.7,  2-H), 4.62 (1H, dd, jla2  8.9, La,Ib  13.6, la-H), 4.92 (1H, 
dd, JIb,2  2.5,  JIa,Ib  13.6, lb-H); E (63 MHz, D20) 15.6 (C-7), 67.5, 71.6, 73.9, 74.7, 
76.4 (C-2, C-3, C-4, C-5, C-6), 76.6 (C-i); mlz (FAB) Found: M+1 208.08244. 
C7H14N06 requires M+1 208.08211. 
3.2.1.3 Acetylated 2,6-Anhydro-1-deoxy-1-nitroalditols 
The acetylation of 2,6-anhydro- 1 -deoxy- 1 -nitroalditols (112), (113a), 
(114a) and (115a) was carried out by the method of Köll et al. '2° 
General Procedure. A suspension of 2,6-anhydro-1-deoxy-1-nitroalditol 
in acetic anhydride (20 cm') was cooled to 0°C (ice bath) and stirred under a nitrogen 
atmosphere. Trifluoromethanesulfonic acid (0.1 cm') was added and the nitrosugar 
slowly dissolved. The solution was stirred overnight while warming to room 
temperature, followed by addition to ice-water (100 cm'). After stirring for 1 hour, 
the mixture was extracted with chloroform (2 x 100 cm') and the organics washed 
with water (2 x 50 cm') and dried (MgSO 4). The solvent was removed in vacuo and 
the oil obtained co-evaporated with toluene (5 x 75 cm'). The crude oil was 
dissolved in chloroform (100 cm') and stirred with activated charcoal (2 g) for 30 




L-manno-heptitol (113) 157 
AcO OAc 	 The product was obtained from (113a) using the 
general procedure above. Recrystallisation from ether 
AcO 	
NO2 
OAc 	 gave (113) as fine white needles (90%); mp 101.0- 
102.4°C (lit."' 102-1030C); [a]'8D  +26.00 (c = 1.0, CHC1 3); oH (250 MHz, CDC13) 
1.98, 2.01, 2.07, 2.14 (12H, 4 X 5, 4 X COCH3), 3.95 (1H, ddd, J6,7a  nd,  J6,7bnd,  J56 
1. 1, 6-H), 4.00-4.13 (2H, m, 7a-H, 7b-H), 4.23 (1H, ddd, Ia,2 2 . 8 , JIb,2 9.1, J23 9.7, 2-
H), 4.37 (1H, dd, jla2  2.8, Jla,lb  13.5, la-H), 4.57 (111, dd, Jlb,2  9.1, Ia,Ib  13.5, lb-H), 
5.08-5.11 (2H, m, 3-H, 4-H), 5.43 (1H, dd, J56 1.1 1  J45 2.8, 5-H); O (63 MHz, CDC13) 
20.4, 20.5 (4 x COCH 3), 60.9 (C-7), 66.5, 67.0, 71.3, 74.3, 74.7 (C-2, C-3, C-4, C-5, 
C-6), 75.8 (C-i), 169.8, 169.9, 169.9, 170.3 (4 x COCH 3); mlz (FAB) Found: M+1, 
392.11930. C 15H22N0,, requires M+i 392.11929. 
3.2.1.3.2 	3,4,5,7-Tetra-O-acetyl-2,6-anhydro-1-deoxy-1-nitro-D-glycero- 
D-gulo-heptitol (40)' 
OAc 	 The product was obtained from (112) using the 
AcO 	
0 	
1 	 general procedure above. Recrystallisation from 
AcO 
NO  
OAc 	 ether gave the product as a light white solid (85%); 
mp 143.2-145.1°C (lit. 117 144-1450C);  [0C] 18, +15.0° (c = 0.4, CHC13); Op., (250 MHz, 
CDC13) 1.95, 1.97, 2.00, 2.01 (12H, 4 x s, 4 x COCH3), 3.70 (1H, ddd, 67a 2.3, J6,7b 
4.9, J56 10.0, 6-H), 3.99 (1H, dd, j67a  2.3, J6,7a  12.5, 7a-H), 4.21 (1H, dd, 67b 4.9 J6,7b 
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12.5, 7b-H), 4.24 (1H, ddd, j1a,2  2.9, Jlb,2  8.8, J23 10.1, 2-H), 4.36 (1H, dd, J 1a,2 2.9, 
la,lb 13.7, la-H), 4.48 (1H, dd, Jlb,2  8.8,  JIaIb  13.7, lb-H), 4.88 (111, dd, J34 9.3, J23 
10.1, 3-H), 5.01 (1H, dd, J45 9.3, J 6 10.0, 5-H), 5.21 (1H, dd, J34 9.3, J45 9.3, 4-H); 
6 (63 MHz, CDC13) 20.3, 20.4 (4 x COCH3), 61.4 (C-7), 67.7 (C-5), 69.0 (C-3), 73.3 
(C-4), 74.1 (C-2), 75.5 (C-i), 75.7 (C-6), 169.1, 169.5, 169.8, 170.3 (4 x COCH3); 
mlz (FAB) Found: M+l, 392.11964. C 15H22N0,, requires M+1 392.11929. 
3.2.1.3.3 	3,4,5,7-Tetra-O-acetyl-2,6-anhydro-1-deoxy-1-nitro-D-glycero- 
D-galacto-heptitol (114) 157 
AcO 	OAc 
The product was obtained from (114a) using the 
AcO 
AcO NO2 general procedure above. Recrystallisation from 
ethanol gave (114) as fine white needles (92%); mp 178.7-180.1°C (lit."' 179-
180°C); [a] 18D  -33.00 (c = 1.0, CHC13); oH  (360 MHz, CDC1 3) 1.98, 2.04, 2.06, 2.18 
(12H, 4 x s, 4 x COCH 3), 3.71 (1H, ddd, ¼7a  2.3, J6,7b  5.7, J56 10.0, 6-H), 4.05 (111, 
dd, j67a  2.3, j67a  12.4, 7a-H), 4.27 (1H, dd, J6,7b  5.7,  J6,7b  12.4, 7b-H), 4.39 (1H, dd, 
Ia,Ib nd, Jla,2nd,  la-H), 4.46-4.54 (2H, m, lb-H, 2-H), 5.09 (1H, dd, J 34 3.4, J45 10.0 1  
4-H), 5.24 (1H, dd, J45 10.0 1  J56 10.0, 5-H), 5.43 (1H, dd, J23 nd, J3 ,4 3.4, 3-H); o  (90 
MHz, CDC1 3) 20.9, 21.0, 21.0, 21.1 (4 x COCH3), 62.7 (C-7), 65.9, 68.6, 72.1, 73.8, 
76.9 (C-2, C-3, C-4, C-5, C-6), 75.6 (C-i), 170.0, 170.4, 170.6, 171.0 (4 x COCH 3); 
mlz (FAB) Found: M+i, 392.11943. C, 5H22N0, 1 requires M+1 392.11929. 
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3.2.1.3.4 	3,4,5-Tri-O-acetyl-2,6-anhydro-1 ,7-dideoxy-1-nitro-L-glycero- 
D-manno-heptitol (115) 
H 3 	0 
	NO2 The product was obtained from (115a) using the  OAc 
OAc 	
general procedure above. Purification by dry flash 
AcO 
column chromatography (silica, ether/hexane) gave the 
product as a white solid (290 mg, 90%); mp 127.2-128.3°C; [ct]'8D ..3500  (c = 1.0, 
CHC13); 
8H 
 (250 MHz, CDC1 3) 1.14 (3H, d, J67 6.4, 7-H), 1.97, 2.06, 2.16 (9H, 3 x s, 
3 x COCH3), 3.83 (1H, dq, J56 1.1, J67 6.4, 6-H), 4.20 (1H, ddd, J23 9.8, Jla,2  2.7,  JIb,2 
9.2, 2-H), 4.35 (1H, dd, jla2  2.7, 11a,1b  13.3, la-H), 4.54 (1H, dd, JIb,2  9.2,  JIa,Ib  13.3, 
lb-H), 5.02-5.12 (2H, m, 3-H, 4-H), 5.27 (1H, dd, J56 1.1, J4 , 5 2.7, 5-H); ö (63 MHz, 
CDC13) 16.0 (C-7), 20.5, 20.5, 20.6 (3 x COCH3), 66.7, 70.2, 71.8, 73.0, 74.6 (C-2, 
C-3, C-4, C-5, C-6), 76.1 (C- 1), 169.9, 170.0, 170.3 (3 x COCH 3); mlz (FAB) Found: 
M+1 334.11398. C 13H20N09 requires M+l 334.11381. 
3.2.2 	Synthesis of Pyranosyl Oximes 
The glucose and galactose based oximes, (116) and (117) respectively, were 
generated by reduction of the corresponding acetylated pyranosylnitromethanes using 
a modified procedure of Bartra et al. 121 
General Procedure. Tin chloride (1.5 eq) was dissolved in dry THF (2 ml) 
and stirred protected from moisture (N 2 atmosphere). Triethylamine (5 eq) followed 
by thiophenol (4.5 eq) were added to the solution at 0°C. To the resultant yellow 
mixture, the protected pyranosylnitromethane (1 eq) in THF (2 ml) was added 
dropwise and stirred overnight, allowing to warm to room temperature. Removal of 
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the solvent in vacuo gave an oil which was pre-adsorbed onto silica. Purification by 




OAc 	 Tin chloride (142 mg, 0.75 mmol, 1.5 eq), 
AcO 	 i 	triethylamine (0.35 ml, 2.5 mmol, 5 eq), thiophenol 
AcO 
NO  
OAc 	 (0.24 ml, 2.25 mmol, 4.5 eq) and acetylated 
nitromethylgiucose (40) (196 mg, 0.5 mmol, 1 eq) were reacted as outlined in the 
general procedure above. Purification by dry flash column chromatography (hexane / 
ether) afforded the oxime (116) as a mixture of isomers (84:16 ratio of E:Z isomers 
determined by 'H NMR). The product was recrystallised from ether/hexane, to 
remove traces of thiophenol, and gave a light white solid (160 mg, 85%); mp 139.4-
140.7°C (E isomer); u../cm-'(mull) 3498 (OH); 8 H (250 MHz, CDC13) 1.98, 1.99, 
2.01, 2.06 (12H, 4 x s, 4 x COCH3), 3.72 (1H, ddd, 6.7a  2.2, 67b J56 10.0, 6-H), 
4.04 (1H, dd, J12 6.8, J23 9.8, 2-H), 4.09 (1H, dd, 6,7a  2.2, J7a,7b  12.5, 7a-H), 4.22 (1H, 
dd, 6,7b  47, L17a,7b 12.5, 7b-H), 5.07, 5.08 (2H, 2 x dd, 3-H, 5-H), 5.24(1H, dd, J34  9 ' 1 1 
J45 9.1, 4-H), 7.30 (1H, d, J, 2 6.8, 1-H), 8.40 (1H, br s, OH); 8 c (63 MHz, CDC1 3) 
20.4, 20.5, 20.6 (4 x COCH 3), 61.8 (C-7), 68.0, 69.4, 73.4, 75.6, 75.7 (C-2, C-3, C-4, 
C-5, C-6),146.6 (C-i), 169.4, 169.6, 170.2, 170.7 (4 x COCH 3); mlz (FAB) Found: 
M+ 1, 376.12452. C, 5H22N0, Ø requires M++1 376.12437. The identity of this 




AcO OAc 	 Tin chloride (363 mg, 1.92 mniol, 1.5 eq), 
0 	 triethylamine (0.90 ml, 6.4 mmol, 5 euj, thiophenol 
AcO 	
NOH 
OAc 	(0.61 ml, 5.76 mmol, 4.5 eq) and acetylated 
nitromethylgalactose (113) (500 mg, 1.28 mmol, 1 eq) were reacted as outlined in the 
general procedure above. Purification by dry flash column chromatography (hexane / 
ether) gave the oxime (117) as a mixture of isomers (90:10 ratio of E:Z isomers 
determined by 'H NMR). Recrystallisation from ether/hexane to remove traces of 
thiophenol gave colourless needles (299 mg, 62%). Concentration of the mother 
liquor yielded a second crop of crystals (126 mg, 89% total yield); mp 184.1-185.5°C 
(E isomer); ojcm' (mull) 3325 (OH); oH  (250 MHz, CDC13) 1.97, 2.00, 2.03, 2.14 
(12H, 4 x s, 4 x COCH 3), 3.94 (1H, ddd, J56 1.0, j67a  6. 0, J6,7b  nd, 6-H), 4.01 (1H, dd, 
J12 7.0, J2,39.8,  2-H), 4.07-4.10 (2H, m, 7a-H, 7b-H), 5.08 (1H, dd, J 5 3.3, J34 10.2, 
4-H), 5.26 (1H, dd, J 23 10.0 1  J34 10.0, 3-H), 5.43 (1H, dd, J56 1.0 1  J45 3.3, 5-H), 7.34 
(1H, d, J 7.0, 1-H), 8.24 (1H, br s, OH); O  (63 MHz, CDC13) 20.5, 20.5, 20.6 (4 x 
COd 3), 61.5 (C-7), 66.7, 67.3, 71.2, 74.2, 76.1 (C-2, C-3, C-4, C-5, C-6), 147.0 (C-
1), 169.8, 170.0, 170.2, 170.4 (4 x COCH 3); mlz (FAB) Found: M+l, 376.12452. 
C, 5H22N010 requires M+1 376.12437. 
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3.2.3 	Synthesis of Glucose Derived Hydroximoyl Chloride (118) 
3.2.3.1 Attempted Direct Chlorination of 3,4,5,7-Tetra-O-acetyl-2,6-anhydro-1-
deoxy-1-hydroxyimino-D-glycero-D-gulo-heptitol (116) 
OAc 	 A solution of the oxime (116) (100 mg, 0.27 mmol) 
OEt 
AcO 	 in ether (20 cm') and chloroform (2 cm' to aid 
AcO 1 
OEt 
OAc 	dissolution) was cooled to —10°C. Dry chlorine gas 
119 
was slowly bubbled through the solution which 
turned from colourless to blue. When the colour changed to green the chlorine was 
discontinued and the solution stirred overnight. The solvent was removed under 
diminished pressure to give an oil. 'H NMR proved inconsistent with the expected 
product and subsequent analysis identified the major component of the mixture as 
diethyl acetal (119); mp 84.2-84.9°C; [a]18D  +28.80 (c = 0.21, CHC13); H  (250 MHz, 
CDC13) 1.15 (311, t, J 7.1, OCH 2CH3), 1.18 (311, t, J 7.1, OCH 2CH3), 1.99, 2.01, 2.05 
(12H, 4 x s, 4 x COCH3), 3.40-3.75 (611, m, 2-H, 6-H, 2 x OCFI 2CH3), 4.11(111, dd, 
67a 2.6, J7a,7b  12.3, 7a-H), 4.19 (111, dd, J6,7b  5.1,  J7a,7b  12.3, 7b-H), 4.46 (1H, d, J, 2 
4.8, 1-H), 5.02 (111, dd, J45 9.7, J5,69.7,  5-H), 5.14 (1H, dd, J23 nd, J3,49.1,  3-H), 5.20 
(1H, dd, J3,49.1,  J45 9.7, 4-H); 8 (63 MHz, CDCI 3) 15.0, 15.2 (2 x OCHH 3), 20.5, 
20.6, 20.6, 20.8 (4 x COCH3), 62.3 (C-7), 63.3, 63.7 (2 x OCH2CH3), 68.4, 68.8, 
74.1, 75.4, 77.4 (C-2, C-3, C-4, C-5, C-6), 101.9 (C-i), 169.4, 170.3, 170.6 (4 x 
cOCH3); mlz (FAB) Found: M+i, 435.18774. C 19H31 0,, requires M-I-i 435.18664. 
The identity of this compound was confirmed by X-ray crystallography (Appendix 
II). 
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3.2.3.2 Direct Chlorination of 3,4,5,7-Tetra-O-acetyl-2,6-anhydro-1-deoxy-1-
hydroxyimino-D-glycero-D-gulo-heptitol (116) (Modified Procedure) 
OAc 	 A solution of the oxime (116) (216 mg, 0.58 mmol) 
 CI I r7 
AcO 	 in dry dichioromethane (25 cm') was cooled to 
AcO NOH 
OAc 	—78°C (dry ice / acetone bath). Dry chlorine gas 
118 
was slowly bubbled through the solution. A colour change from colourless to blue 
was initially observed. When the colour changed to green the chlorine was 
discontinued and the solution allowed to warm up overnight, over which period the 
colour faded. The solvent was removed in vacuo to give an oil. The 'H NMR 
spectrum of the product indicated a near quantitative yield, with traces of impurities 
only just visible in the spectrum. The product was dissolved in ca 1 cm' of 
dichioromethane and allowed to crystallise. The fine white crystals obtained were 
identified as 3 ,4,5,7-tetra-O-acetyl-2,6-anhydro- 1 -deoxy- 1 -chioro- 1 -hydroxyimino-
D-glycero-L-manno-heptitol (118) (210 mg, 90%); mp 157.1-158.8°C; Um /Cffl 1 
(mull) 3311 (OH); [a]'8D  -5.00 (c = 1.0, CHC13); oH  (250 MHz, CDC13) 1.97, 2.00, 
2.03, 2.07 (12H, 4 x s, 4 x COCH 3), 3.80 (1H, ddd, j67a  2.4, 6,7b  4.6, J56 9.8, 6-H), 
4.14 (1H, dd, J6,7a  2.4,  J7a,7b  12.5, 7a-H), 4.23 (1H, dd, J6,7b  4.6,  J7a,7b  12.5, 7b-H), 4.31 
(1H, d, J2,39.6,  2-H), 5.14, 5.26, 5.36 (3H, 3 x dd, J 34 nd, J45 nd, J5,69.8,  3-H, 4-H, 5-
H), 8.93 (1H, br s, NOH); O (63 MHz, CDC1 3) 20.4, 20.5, 20.5, 20.6 (4 x COCH 3), 
61.8 (C-7), 67.8, 68.8, 73.7, 75.7, 78.3 (C-2, C-3, C-4, C-5, C-6), 136.2 (C- 1), 169.2, 
169.5, 	170.5, 170.8 	(4 x COCH3); mlz (FAB) Found: M+1, 410.08565. 
C 15H21N0, 035C1 requires M+1 	410.08540. 	Found: M+1, 412.08226. 
C 15H21N0 1037C1 requires M+1 412.08245. 
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3.3 	Synthesis Of Sugar Derived Alkenes 
3.3.1 	3-0-Acetyl-5,6-dideoxy-1,2-0-isopropylidene-a-D-xy/o-hex-5- 
enofuranose (107) 
The title compound was synthesised in four steps from commercially 
available diacetone-D-glucose. 
3.3.1.1 3-0-Acetyl-1 ,2 : 5,6-di-O-isopropylidene-a-D-gluco-furanose (122) 
>< 	
6 	 Diacetone-D-glucose (22.4 g, 86 mmol) was 
o dissolved in triethylamine (90 cm', 0.65 mol) and a 
catalytic amount of DMAP (400 mg, 3.44 mmol) 
AcO 	 added. The reaction was cooled to 0 °C and acetic 
anhydride (30 cm) slowly added. The solution was allowed to warm to room 
temperature overnight, then poured into water and stirred for 30 mins. The aqueous 
layer was extracted with dichloromethane (2 x 200 cm 3) and the combined organics 
washed with water (2 x 100 cm3) and dried (MgSO 4). Removal of the solvent in 
vacuo gave (122) as a syrup which was not isolated but taken directly to the next 
stage. 
3.2.1.2 3-0-Acetyl-1 ,2-O-isopropylidene-a-D-g/uco-furanose (123) 
HO 6 	 Crude syrup (122) was added to glacial acetic acid (60 
HO" 	 cm') and water (40 cm') at 40 °C. 	The initially 
heterogeneous mixture became homogeneous on stirring 
AcO 	 overnight. Concentration of the solution afforded a syrup 
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which was dissolved in chloroform (100 cm') and water (100 cm'). The solution was 
extracted with chloroform (3 x 50 cm 3) and the combined organics washed with 
saturated sodium hydrogen carbonate (4 x 75 cm) to remove remaining acetic acid. 
After washing with water (2 x 100 cm) the organics were dried (MgSO 4) and the 
solvent removed to give the diol (123) as a semi-crystalline oil which was taken to 
the next stage; [aJ'8D  +27° (c = 1.0, CHC1 3); 8H  (200 MHz, CDC1 3) 1.29, 1.50 (6H, 2 
x s, C(CH3)2), 2.13 (3H, s, COCH3), 2.75 (2H, br s, 2 x OH), 3.59-3.87 (3H, m, 5-H, 
6a-H, 6b-H), 4.16 (1H, dd, J3,42.6,  J45 8.9, 4-H), 4.55 (111, dd, J23 0.0 1  J 1 ,2 3.7, 2-H), 
5.25 (1H, dd, J23 0.01  J34 2.6, 3-H), 5.88 (1H, d, J 12 3.7, 1-H); ö (50 MHz, CDC13) 
20.7 (COCH3), 26.1, 26.5 (C(CH 3)2), 64.0 (C-6), 68.1, 76.6, 79.3, 82.9 (C-2, C-3, C-
4, C-5), 104.7 (C-i), 112.3 (C(CH 3)2), 171.0 (COCH 3); m/z (FAB) Found: M+1, 
263.11327. C 11 H 1907 requires M+1 263.11308. 
3.2.1.3 3-O-Acetyl-1 ,2-O-isopropylidene-5,6-bis-O-methanesulfonyl-ct-D-glucO-
furanose (124) 
MsO 6 	 Crude diol (123) was dissolved in pyridine (35 cm3) and 
MsO 	o 	dry chloroform (200 
CM)  . The solution was cooled in 
1 
AcO 	
an ice-salt bath and methanesufonyl chloride (11 cm 3 , 
0.14 mol) added dropwise, allowing the solution to 
warm to room temperature overnight. The suspension formed was poured into 1:1 
chloroform: water (300 cm'), extracted with chloroform (2 x 100 cm 3) and washed 
with IM sulfuric acid (3 x 50 cm'), saturated sodium hydrogen carbonate (2 x 50 
cm3) and water (2 x 50 CM)  . The solution was dried (MgSO4), evaporated and the 
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crude solid obtained recrystallised from ethanol to yield the product as fine white 
needles (13.68 g, 38% from diacetone-D-glucose, 3 steps); mp 171.8-172.5°C; [a]'8D 
-32.0° (c = 1.0, CHC1 3); (250 MHz, CDC1 3) 1.29, 1.49(611,2 x s, C(CH 3)2), 2.11 
(311, s, COCH3), 3.07, 3.08 (6H, 2 x s, 2 x S0 2CH3), 4.41 (1H, dd, J5,6a  4.8,  J6a,6b  11.91  
6a-H), 4.43 (11-1, dd, J34 3.0, J45 9.0, 4-H), 4.52 (111, dd, J23 0.01  J12 3.6, 2-H), 4.68 
(1H, dd, 5,6a  2.2,  J6afib  11.9, 6b-H), 5.09 (111, ddd, J5,0 2 . 2 , J5,62, 4 . 8 , J4,5 9 . 0 , 5-H), 5.30 
(1H, dd, J23 0.01  J34 3.0, 3-H), 5.89 (111, d, J 12 3.6, i-H); 8c (63 MHz, CDC13) 20.7 
(COCH3), 26.0, 26.6 (C(CH 3)2), 37.5, 38.8 (2X S0 2CH3), 68.3 (C-6), 72.5, 74.5, 75.6, 
82.9 (C-2, C-3, C-4, C-5), 105.0 (C-i), 112.7 (C(CH 3)2), 169.7 (COCH 3); mlz (FAB) 
Found: M+1, 419.06848. C 13H23 S 2011 requires M+1 419.06818. 
3.3.1.4 3-0-Acetyl-5,6-dideoxy-1,2-0-isopropylidene-a-D-xylo-hex-5-
enofuranose (107) 158 
6 	 Zinc-copper couple was freshly prepared by washing 
0 1 . powered zinc (3.27 g) successively with IM HC1 (4 x 15 
AcO 
CM), water (2 x 15 CM)  , 4% CuSO4 (until all the zinc was 
blackened), water (2 x 15 cm 3), ethanol (2 x 15 cm 3) and DMF (3 x 15 CM)  . The 
dimesylate (124) (4.18 g, 10 mmol) and dried sodium iodide (7.48 g, 50 mmol) were 
stirred in DMF (48 em') and 1,1 -dimethoxyethane (8 cm'). The zinc-copper couple 
was added and the reaction heated under reflux for 70 mins. After cooling, the 
mixture was poured into water (150 cm 3), toluene (100 cm) was added and the 
solution filtered through a celite pad. The aqueous layer was extracted with toluene 
(2 x 75 cm3), the combined organics washed with water (2 x 100 CM)  , dried 
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(MgSO4) and the solvent removed in vacuo. The oil obtained was purified by dry 
flash column chromatography (hexane / ether) to afford the alkene as an oil (2.05 g, 
90%); [a]'8D  -3.80 (c = 1.0, CHC1 3) (lit. 158 -13 0 (c = 1.0, CHC1 3)); 8H  (250 MHz, 
CDC13) 1.22, 1.42 (6H, 2 x s, C(CH 3)2), 1.95 (3H, s, COCH3), 4.46 (1H, dd, J23 0.0 1  
J, 2 3.8, 2-H), 4.64 (1H, dd, J 34 3.0, J45 6.0, 4-H), 5.11 (1H, dd, J23 0.0 1  J34 3.0, 3-H), 
5.17 (1H, dd, J6a,6bnd, 56a 10.5, 6a-H), 5.33 (1H, dd, 6a,6b  nd, J5,6b  17.3, 6b-H), 5.69 
(1H, ddd, J45 6.0, J5,6a  10.5,  J5,6b  17.3, 5-H), 5.85 (1H, d, J, 2 3.8, 1-H); & (63 MHz, 
CDC13) 20.3 (COCH 3), 25.8, 26.3 (C(CH3)2), 77.0, 79.6, 83.2 (C-2, C-3, C-4), 104.2 
(C- 1), 111.6 (C(CH 3)2), 118.7 (C-6), 130.4 (C-5), 169.2 (COCH 3); mlz (FAB) Found: 
M+1, 229.10762. C, H,705  requires M+1 229.10760. 
3.3.2 	3-0-Benzoyl-5,6-dideoxy-1 ,2-O-isopropylidene-a-D-xy/o-hex-5- 
enofuranose (108) 
The title compound was prepared as previously, instead utilising a benzoate 
ester protecting group at the 3- position. 
3.3.2.1 3-0-Benzoyl-1 ,2 :5,6-di-O-isopropylidene-a-D-gluco-furanose (188) 
6 	 Diacetone-D-glucose (20 g, 77 mmol) was dissolved ><o
10 in pyridine (80 cm 3) and dry chloroform (200 cm') 
while protected from moisture (N 2 atmosphere). 
BzO Benzoyl chloride (16 cm 3 , 0.14 mol) was added 
dropwise and the solution stirred overnight. The reaction mixture was slowly poured 
into water (250 cm') with stirring. The aqueous layer was extracted with chloroform 
170 
(2 x 100 cm'), the combined organics washed with saturated sodium hydrogen 
carbonate (3 x 100 CM),  water (2 x 100 CM)  , dried (MgSO4) and the solvent 
evaporated. The resulting oil was co-evaporated several times with toluene to yield 
(188) as a syrup which was sufficiently pure to be taken to the next stage; ö (250 
MHz, CDC13) 1.26, 1.31, 1.41, 1.55 (1211, 4 x s, 2 x C(C11 3)2), 4.05-4.15, 4.30-4.40 
(4H, 2 x m, 4-H, 5-H, 6a-H, 6b-H), 4.62 (1H, dd, J 23 0.01  J12 3.7, 2-H), 5.49 (1H, dd, 
J2,3 0.01 J3,42.8,  3-H), 5.94 (1H, d, J12 3.7, 1-H), 7.41-7.49 (211, m, 2 x Ph CH), 7.55-
7.62 (1H, m, Ph CH), 7.99-8.05 (2H, m, 2 x Ph CH); ö (63 MHz, CDC13) 25.1, 26. 1, 
26.6, 26.7 (2 x C(CH0 2), 61.7 (C-6), 72.5, 76.5, 79.8, 83.3 (C-2, C-3, C-4, C-5), 
105.0 (C-i), 109.3, 112.3 (2 x C(CH 3)2)
1 
 128.4 (2 x Ph CH), 129.4 (Ph quat), 129.6 (2 
x Ph CH), 133.4 (Ph CH), 165.1 (COPh); mlz (FAB) Found: M+1, 365.15916. 
C 19H2507 requires M+1 365.16003. 
3.3.2.2 3-0-Benzoyl-1,2-0-isopropylidene-a-D-gluco-furanose (189) 
HO 6 	 Crude syrup (188) was dissolved in a solution of glacial 
HO""* 	 acetic acid (100 cm3) and water (cm). The two layers 
....0 
formed were stirred overnight at 40 °C. 	The 
BzO homogeneous solution formed was concentrated at 
reduced pressure and chloroform (200 cm') added. Residual acetic acid was removed 
by washing with sodium hydrogen carbonate (3 x 100 cm 3) and water (2 x 100 CM). 
The organics were dried (MgSO 4) and the solvent removed to give the diol (189) as 
an oil which was taken directly to the next stage; 8H  (250 MHz, CDC13) 1.32, 1.54 
(6H, 2 x s, C(CH3)2), 3.30 (2H, br s, 2 x OH), 3.70-3.88 (3H, m, 5-H, 6a-H, 6b-H), 
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4.29 (1H, dd, J3,42.6,  J45 8.7, 4-H), 4.70 (1H, dd, J23 0.01  J12 3.7, 2-H), 5.51 (1H, dd, 
J23 0.01 J3,42.6,  3-H), 5.99 (1H, d, J12 3.7, i-H), 7.41-7.49 (2H, m, 2 x Ph CH), 7.55-
7.63 (1H, m, Ph CH), 8.00-8.08 (2H, m, 2 x Ph CH); 5 (63 MHz, CDC1 3) 26.1, 26.5 
(C(CH3)2), 64.1 (C-6), 68.1, 77.0, 79.6, 83.0 (C-2, C-3, C-4, C-5), 104.8 (C-i), 112.4 
(C(CH3)2), 128.5 (2 x Ph CH), 128.5 (Ph quat), 129.8 (2 x Ph CH), 133.8 (Ph CH), 






	 Crude diol (189) was dissolved in chloroform (100 cm) 
MsO' 
	 and pyridine (50 cm') while stirring in an ice bath. 
0 




dropwise and the solution left to warm to room 
temperature overnight. 	The suspension formed was poured into 1:1 
chloroform:water (300 cm') and extracted with chloroform (2 x 100 cm'), followed 
by washing with 1M sulfuric acid (3 x 50 CM),  saturated sodium hydrogen carbonate 
(2 x 50 cm') and water (2 x 50 CM)  . The solution was dried (MgSO 4) and the 
solvent removed in vacuo to afford an oil, which crystallised on addition of a small 
volume of ethanol (Ca 10. CM)  . The crude solid was recrystallised from ethanol to 
yield the product as fine white needles (24.9 g, 67% from diacetone-D-glucose, 3 
steps); mp 167.7-168.9°C; [a] '8D -33.0° (c = 1.0, CHC13); oH  (250 MHz, CDC13) 1.3 1, 
1.54 (6H, 2 x s, C(CH3)2), 3.02, 3.08 (6H, 2 x s, 2 x S0 2CH3), 4.49 (1H, dd, J5,6a  4.8, 
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6,,,6b 11.9,6a-H), 4.56 (111, dd, J3,42.9,  J45 8.9, 4-H), 4.65 (111, dd, J23 0.0 1  J12 3.6,2- 
H), 4.72 (1H, dd, 56b  2.2, J6a,6b  11.9, 6b-H), 5.22(111, ddd, 56b  2.2, J5,6a  4.8, J45 8.9, 
5-H), 5.56 (1H, dd, J23 0.01 J3,42.9,  3-H), 5.96 (1H, d, J 12 3.6, 1-11), 7.42-7.49 (2H, m, 
2 x Ph CH), 7.56-7.62 (1H, m, Ph CH), 8.01-8.05 (211, m, 2 x Ph CH); 3 (63 MHz, 
CDC13) 26.0, 26.6 (C(CH 3)2), 37.5, 38.8 (2X S02CH3), 68.3 (C-6), 72.7, 75.2, 75.8, 
82.9 (C-2, C-3, C-4, C-5), 105.0 (C-i), 112.9 (C(CH 3)2), 128.4 (2 x Ph CH), 128.8 
(Ph quat), 129.7 (2 x Ph CH), 133.6 (Ph CH), 165.1 (COPh); mlz (FAB) Found: 
M+1, 481.08608. C 18H25 S2011 requires M+1 481.08383. 
3.3.2.4 3-0-Benzoyl-5,6-dideoxy-1,2-0-isopropylidene-a-D-xy/o-hex-5-
enofuranose (108)' 
6 	 Zinc-copper couple was prepared as previously outlined 
0 
(Section 3.3.1.4). The dimesylate (125) (9.42 g, 19.6 
BzO "0 mmol) and dried sodium iodide (14.7 g, 98.1 mmol) were 
stirred in DMF (iOO cm3) and 1,1-dimethoxyethane (16 cm'). Zinc-copper couple 
(6.42 g Zn) was added and the mixture heated under reflux for 70 mins, cooled and 
poured into water (250 CM)  . Toluene (200 cm) was added and the mixture filtered 
through a celite pad. The aqueous layer was extracted with toluene (2 x 75 cm'), the 
combined organics washed with water (2 x 100 CM)  , dried (MgSO4) and the solvent 
removed in vacuo. The oil obtained crystallised on standing with light petroleum (bp 
60-80°C). Filtration of the solid followed by washing with a small volume of n-
pentane (Ca 2 cm3) gave the product as a white crystalline solid (4.77 g). 
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Concentration of the mother liquor and addition of light petroleum gave a second 
crop of crystals (0.62 g, 95% combined); mp 69.6-70.0°C (lit.' 59 69-710C); [a]'8D 
-57.00 (c = 1.0, CHCI3); oH  (250 MHz, CDC1 3) 1.33, 1.56 (6H, 2 x s, C(CH 3)2), 4.68 
(1H, dd, J23 0.01  J, 2 3.8, 2_H), 4.86 (1H, dd, J34 3.0, J45 6.3, 4_H), 5.26 (1H, dd, 6,,6b 
nd, J5,6a  10.5, 6a-H), 5.44 (1H, dd, J23 0.0, J34 3.0, 3-H), 5.47 (1H, dd, J6a,6bnd, J5,6b 
17.2, 6b-H), 5.88 (1H, ddd, J45 6.3, J5,6a  10.5,  J5,6b  17.2, 5-H), 6.03 (1H, d, J, 2 3.8, 1-
H), 7.40-7.47 (2H, m, 2 x Ph CH), 7.54-7.61 (1H, m, Ph CH), 7.98-8.02 (2H, m, 2 x 
Ph CH); O (63 MHz, CDC1 3) 26.1, 26.6 (C(CH 3)2), 77.8, 80.1 (C-3, C-4), 83.5 (C-2), 
104.5 (C-i), 112.0 (C(CH 3)2), 119.5 (C-6), 128.3 (2 x Ph CH), 129.2 (Ph quat), 129.6 
(2 x Ph CH), 130.5 (C-5), 133.3 (Ph CH), 165.1 (COPh); mlz (FAB) Found: M+1, 
291.12296. C, 6H, 905 requires M+1 291.12325. 
3.3.3 	Methyl 5,6-Dideoxy-2,3-0-isopropylidene-ct-D-lyxo-hex-5- 
enofuranoside (1 09)129 
6 	 The title compound was synthesised from previously 
0 	
OMe prepared 131 	methyl 	2,3 -O-isopropylidene-5 ,6-bis-O- 
methanesulfonyl-a-D-manno- furanoside (127) (Section 
X 2.5.3). A freshly prepared zinc-copper couple (4.19 g Zn) 
was added to a stirred solution of the dimesylate (127) (5.11 g, 13.1 mmol), dried 
sodium iodide (9.67 g, 64.5 mmol), DMF (33 cm') and 1,2-dimethoxyethane (9 cm) 
The mixture was heated under reflux for 70 mins then allowed to cool. The reaction 
was poured into water (200 cm') with rapid stirring, toluene (200 cm') was added and 
the mixture passed through a celite pad. The organic layer was separated, the 
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aqueous layer washed with toluene (2 x 50 cm') and the combined organics dried 
(MgSO4) and evaporated. The almost pure product obtained was loaded on a short 
dry flash column and eluted with 5% ether-hexane to yield the pure alkene (109) as 
an oil (2.49 g, 95%); 8H (250 MHz, CDC13) 1.29, 1.45 (611, 2 x s, C(CH 3)2), 3.33 (3H, 
s, OMe), 4.37 (1H, dddd, L4,6a  0.9,  JI,6b  1.1 1  J34 3.6, J45 7.4, 4-H), 4.56 (111, d, J, 2 0.0 1  
J23 5.9, 2-11), 4.66 (1H, dd, J34 3.6, J23 5.9, 3-H), 4.90 (111, s, il ,2 0.01  1-H), 5.32 (1H, 
ddd, J4,6.  0.9,  J6.,6b  1.7,  J5,6a  10.3, 6a-H), 5.39 (1H, ddd, J4,6b  1.1,  J6a,6b  1.7,  J5,6b  17.4, 6b-
H), 5.98 (1H, ddd, J45 7•, J5,6a 10 . 3 , J5,6b 17.4, 5-H); ö (63 MHz, CDC13) 24.8, 25.9 
(C(cH3)2), 54.6 (OMe), 81.0, 81.4 (C-2, C-3), 85.2 (C-4), 107.0 (C-i), 112.5 
(C(CH3)2), 119.0 (C-6),132.2 (C-5); mlz (FAB) Found: M+1, 201.11342. C, 0H, 704 
requires M+1 201.11268. 
3.3.4 	5,6-dideoxy-1 ,2-O-isopropylidene-a-D-xylo-hex-5-enofuranose (106) 
The title compound was synthesised in two steps from commercially 
available 1 ,2-O-isopropylidene-a-D-gluco-furanose using the procedure of Corey 
and Winter. 112 
3.3.4.1 1,2-0-isopropylidene-a-D-gluco-furanose-5,6-thionocarbonate (128) 160 
A solution of 1,2-0-isopropylidene-a-D-gluco- 
s=I 
o' 
< 	 furanose (9.32 g, 42.4 mmol) in warm acetone (200 
cm 3)  was stirred under a nitrogen atmosphere. 1,1 - 
HO 	 thiocarbonyldiimidazole (10 g, 56.5 mmol, 90% 
tech) was added and the mixture refluxed for 1 hour. After allowing the mixture to 
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cool, activated charcoal (0.3 g) was added and stirred for 30 mm. The mixture was 
passed through a celite pad and evaporated to give a light brown solid. Warm 
methanol (40 cm) was added and the precipitated white solid filtered. The mother 
liquor was cooled to give a second crop of crystals (9.63 g, 87%); mp 183.3-184.9°C 
(lit 160 180-185 0C); [a] '8D -.470° (c = 1.0, CHC131  for 3-0-acetate derivative); 8H  (250 
MHz, (CD3)2 S0) 1.25, 1.41 (6H, 2 x s, C(CH3)2), 4.17 (1H, dd, J23 0.0 1  J34 nd, 3-H), 
4.42 (1H, dd, J23 0.0 1  J12 3.6, 2-H), 4.49 (1H, dd, J4,52.1,  J34 nd, 4-H), 4.62-4.76 (2H, 
m, 6a-H, 6b-H), 5.35 (1H, ddd, J45 2.1, 5,6a  77, J5,6b  8.7, 5-H), 5.96 (1H, d, J, 2 3.6, 1-
H); 6c (63 MHz, (CD3)2S0) 26.2, 26.9 (C(CH 3)2), 70.3 (C-6), 73.6, 79.2, 81.3, 85.0 
(C-2, C-3, C-4, C-5), 105.2 (C- 1), 111.4 (C(CH 3)2), 191.5 (C=S); mlz (FAB) Found: 
M+1, 263.05947. C, ØH 15S06 requires M+i 263.05894. 
3.3.4.2 5,6-dideoxy-1 ,2-O-isopropylidene-ct-D-xylo-hex-5-enofuranose (106) 161 
6 	 A solution of thionocarbonate (128) (2 g, 7.6 mmol) in 
0 
1 	trimethylphosphite (10 cm) was refluxed under nitrogen 
HO 	0 for 64 hours. The solution was cooled, poured into 1M 
sodium hydroxide (250 cm) and stirred until a homogeneous solution formed. The 
mixture was extracted with chloroform (3 x 75 cm 3), dried (MgSO 4) and the solvent 
evaporated. The oil obtained was refrigerated overnight to yield the product as a 
white crystalline solid (1.25 g, 88%); mp 63.9-64.4°C (lit."' 64°C); [c.t]18D  -76.0° (c = 
1.0, CHC13); 8H  (250 MHz, CDC13) 1.23, 1.41 (6H, 2 x s, C(CH 3)2), 2.61 (1H, br s, 
OH), 4.00 (1H, dd, J23 0.0, J34 2.3, 3-H), 4.46 (1H, dd, J23 0.01  J, 2 3.8, 2-H), 4.58 
(1H, dd, J34 2.3, J45 5.7, 4_H), 5.29 (1H, dd, J6a,6b  1.6, j56a  10.6, 6a-H), 5.40 (iH, dd, 
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6a,6b 1.6 5  J5,6b  17.4, 6bfl) 5 5.82 (1H, ddd, J4,5 57 , J5,6a 10.6,  J5,6b  17.4, 5-H), 5.84 (1H, 
d, J12 3.8, 1-H); & (63 MHz, CDC1 3) 25.8, 26.4 (C(CH 3)2), 75.5, 80.9, 84.7 (C-2, C-
3, C-4), 104.2 (C-i), 111.3 (c(CH 3)2), 119.1 (C-6), 131.2 (C-5); mlz (FAB) Found: 
M+1, 187.09637. C 9H 1504 requires M+1 187.09703. 
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3.4 	Nitrile Oxide Cycloadditions: Dehydration of Pyranosylnitromethanes 
The nitrile oxides were generated from their corresponding acetylated 
pyranosylnitromethanes using a modified Mukaiyama procedure' and employing 
tolylene-2,4-diisocyanate as the dehydrating agent. The general conditions utilised 
throughout were as outlined below. 
General Procedure. The acetylated nitroalditol in toluene (50 cm') was stirred 
protected from moisture (N 2 atmosphere) and the alkene (2-5 eq) added. 
Triethylamine (0.1 cm', catalytic) and TDI (3 eq) were added and the reaction heated 
at reflux for 7 days, over which period a polymeric solid formed. The reaction was 
cooled to 0°C and diaminoethane (3 eq) was slowly added dropwise with vigorous 
stirring. After 1 hour the reaction mixture was filtered through a celite pad to remove 
the polymeric urea present. The pad was washed with chloroform (2 x 50 cm3) and 
the combined organics evaporated. The crude oil obtained was purified by dry flash 
column chromatography (ether / hexane) to give recovered excess alkene and a 
mixture of diastereomeric isoxazolines (ratio determined by 1 H NMR at this stage). 
Where possible the isomer mixture of products was then further separated by 
medium pressure liquid chromatography (MPLC) to afford each diastereomer. 
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3.4.1 	Cycloaddition of 3,4,5,7-Tetra-0-acety1-3-D-ga1actopyranosy1-1-nitri1e 
Oxide (101) to Styrene (104) 
AcO OAc 	 Acetylated nitromethylgalactose (113) 
(143 mg, 0.37 mmol, 1 eq) and styrene 
OAc 	 (190 mg, 1.83 mmol, 5 eq) were reacted as 
129,130 
outlined in the general procedure. The 
crude reaction mixture was purified by chromatography to yield an oil which was 
identified as an inseparable mixture of (5R)- and (5S)-5-phenyl-3-(2,3,4,6-tetra-0-
acetyl--D-ga1actopyranosy1)-2-isoxazolines (129) and (130) (139 mg, 80%, 56:44 
ratio estimated by 13C NMR); 8H  (360 MHz, CDCI 3) 1.96, 1.98, 1.99, 2.01, 2.03, 
2.05, 2.11, 2.12 (24H, 8 x s, 8 x COCI]1 3), 3.02-3.17 (2H, 2 x dd, J4a,4b  17.1, 2 x 4a-H), 
3.42-3.58 (2H, 2 X dd, T4 a,4b 17.1, 2 x 4b-H), 3.95-4.02 (2H, 2 x ddd, 2 x 5'-H), 4.05-
4,10 (4H, 4 x dd, 2 x 6'a-H, 2 x 6'b-H), 4.37 (1H, d, J 1 ' 2 ' 9.7, 1'-H), 4.39 (1H, d, J1 ' 2 ' 
9.7, 1'-H), 5.09-5.16 (2H, 2 x dd, 2 x 3'-H), 5.17-5.28 (2H, 2 x dd, 2 x 2'-H), 5.45-
5,47 (2H, 2 x dd, 2 x 4'-H), 5.53-5.59 (2H, 2 x dd, 2 x 5-H), 7.29-7.37 (10H, m, 10 x 
Ph CH); 3 (63 MHz, CDC1 3) 20.4, 20.5, 20.5, 20.6, 20.6 (8 x COCH3), 40.7 (2 x C-
4), 61.3, 61.5 (2 x C-6'), 65.8, 66.2, 67.2, 67.2, 71.0, 71.2, 74.2, 74.4, 74.4, 76.4 (2 x 
C-i' to 2 x C-5'), 82.5, 82.8 (2 x C-5), 125.9, 126.3, 128.1, 128.2, 128.5, 128.6 (10 x 
Ph CH), 139.5, 140.1 (2 x Ph quat), 155.2 (2 x C-3), 169.7, 169.8, 169.9, 170.2, 
170.3 (8 x COCH3); mlz (FAB) Found: M+1, 478.17138. C 23H28N0 10 requires 
M+1 478.17132. 
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3.4.2 	Cycloaddition of 3,4,5,7-Tetra-0-acety1-3-D-ga1actopyranosy1-1-nitri1e 
Oxide (101) to Oct-1-ene (131) 
	
AcO OAc 	 Reaction 	of 	acetylated 
nitromethylgalactose (113) (100 
OAc 	 mg, 0.26 mmol, 1 eq) and oct-i- 
132,133 
ene (146 mg, 1.3 mmol, 5 eq) 
was carried out as outlined above. The crude reaction mixture was purified by 
chromatography to yield an oil which was identified as an inseparable mixture of 
(5R)- and (5 S)-5-hexyl-3 -(2,3 ,4,6-tetra-O-acetyl-f3-D-galactopyranosyl)-2-
isoxazolines (132) and (133) (109 mg, 88%, 5 1:49 ratio estimated by 'H NMR); oH 
(250 MHz, CDC1 3) 0.80-0.85, 1.24-1.68 (26H, 2 x m, 2 x 1"-H to 6"-H), 1.94, 1.94, 
1.98, 1.99, 2.11, 2.12 (24H, 8 x s, 8 x COCH3), 2.57-2.75 (2H, 2 x dd, 2 x 4a-H), 
3.01-3.16 (2H, 2 x dd, 2 x 4b-H), 3.91-3.97 (2H, 2 x ddd, 2 x 5'-H), 4.01-4.07 (4H, 4 
x dd, 2 x 6'a-H, 2 x 6'b-H), 4.27 (1H, d, J 1 ' 2 ' 9.3, 1'-H), 4.29 (111, d, J 1 ' 2 ' 9.5, 1'-H), 
4.48-4.57 (2H, 2 x dddd, 2 x 5-H), 5.04-5.22 (4H, m, 2 x 2'-H, 2 x 3'-H), 5.41-5.43 
(2H, 2 x dd, 2 x 4'-H); O (63 MHz, CDC1 3) 13.8 (2 x C-6"), 20.4, 20.4 (8 x COCH 3), 
22.3, 25.2, 28.8, 31.5, 34.8, 34.8 (2 x C-i" to 2 x C-5"), 37.4, 37.6 (2 x C-4), 61.3, 
61.4 (2 x C-6'), 65.8, 66.0, 67.2, 71.0, 71.1, 74.3, 74.4 (2 x C-l' to 2 x C-5'), 81.4 (2 
x C-5), 154.9, 155.3 (2 x C-3), 169.7, 169.9, 170.0, 170.2 (8 x COCH 3); mlz (FAB) 
Found: M+1, 486.23387. C 23H36N0 10 requires M+1 486.23392. 
180 
3.4.3 	Cycloaddition of 3,4,5,7-Tetra-0-acetyl-13-D-galactopyranosyl-1-nitrile 
Oxide (101) to Methylenecyclohexane (105) 
AcO OAc 





Acetylated nitromethylgalactose (113) (76 mg, 
0.19 mmol, 1 eq) and methylenecyclohexane 
(93 mg, 0.97 mmol, 5 eq) were reacted as 
outlined in the general procedure, except a 
lower temperature of 80°C was employed. The crude reaction mixture was purified 
by chromatography to afford 5-(spirocyclohexyl)-3 -(2,3 ,4,6-tetra-O-acetyl-3-D-
gaiactopyranosyl)-2-isoxazoline (134) as a crystalline solid (81 mg, 89%); mp 67.2-
70.1°C; [u]'8D 20.00 (c = 1.0, CHC1 3); oH  (250 MHz, CDC1 3) 1.38-1.75 (1011, hr m, 
1"a-H, i"b-H to 5"a-H, 5"b-H), 1.95, 1.99, 2.01, 2.13 (12H, 4 x s, 4 x COCH 3), 2.71 
(1H, d, j4a4b  17.1, 4a-H), 2.81 (1H, d, J4a,4b  17.1, 4b-H), 3.94 (1H, ddd, 46'a  nd, 5'6'b 
nd, J45 ' 1.2, 5'-H), 4.05-4.08 (2H, m, 6'a-H, 6'b-H), 4.26 (1H, d, J 1 ' 2 ' 9.5, l'-H), 5.08 
(1H, dd, J3 ' 4 ' 3.3, J2 ' 3 , 10.1, 3'-H), 5.19 (1H, dd, J 1 ' 2 , 9.5, J23 ' 10.1, 2'-H), 5.43 (lH, 
dd, J4 ' 5 ' 1.2, J3 ' 4 ' 3.3, 4'-H); O (63 MHz, CDC1 3) 20.4, 20.5 (4 x COd 3), 23.1, 23.2, 
24.8, 36.1, 36.5 (C-l", C-2", C-3", C-4", C-5"), 42.3 (C-4), 61.3 (C-6'), 65.9, 67.2, 
71.2, 74.3, 74.6 (C-l', C-2', C-3', C-4', C-5'), 87.3 (C-5), 154.3 (C-3), 169.8, 169.9, 
170.0, 170.3 (4 x COCH 3); mlz (FAB) Found: M+1, 470.20227. C 22H32N0 10 
requires M+1 470.20262. 
181 
3.4.4 	Cycloaddition of 3,4,5,7-Tetra-0-acety1-3-D-g1ucopyranosy1-1-nitri1e 





Reaction of acetylated nitromethyiglucose 
(40) (166 mg, 0.42 mmol, 1 eq) and 
methylenecyclohexane (81 mg, 0.84 mmol, 
2 eq) at 80°C was carried out according to 
the general procedure. Purification of the crude reaction mixture by chromatography 
afforded 5 -(spirocyclohexyl)-3 -(2,3 ,4,6-tetra-O-acetyl-3-D-glucopyranosy1)-2-
isoxazoline (135) as a crystalline solid (167 mg, 84%); mp 151.0-152.5°C; [a]18D - 
42.0° (c = 1.0, CHC1 3); 
8H 
 (250 MHz, CDC1 3) 1.22-1.67 (1 OH, br m, 1"a-H, 1"b-H to 
5"a-H, 5"b-H), 1.99, 2.02, 2.06 (12H, 4 x s, 4 x COCH 1), 2.68 (1H, d, 14a,4b  17.1, 4a-
H), 2.78 (1H, d, J4a,4b  17.1, 4b-H), 3.73 (111, ddd, 5'6'b  2.2, 5',6'a  5.1, J4 ' 5 ' 10.0, 5'-H), 
4.08 (1H, dd, 5'6'b  2.2, 6'a,6'b  12.4, 6'b-H), 4.21 (1H, dd, 5'6'a  5.1, 6'a,6'b  12.4, 6'a-H), 
4.29 (1H, d, J 1 ' 2 ' 10.0, 1'-H), 5.04 (2H, 2 x dd, 2'-H, 4'-H), 5.27 (111, dd, J2',3' 9 .4 , 
J3 ',4 ' 9.4, 3'-H); ö (63 MHz, CDC1 3) 20.4, 20.5, 20.5, 20.6 (4 x COCH3), 23.1, 23.3, 
24.8, 36.1, 36.4 (C-I", C-2", C-3", C-4", C-5"), 42.2 (C-4), 62.0 (C-6'), 68.2, 68.6, 
73.2, 74.3, 75.8 (C-l', C-2', C-3', C-4', C-5'), 87.5 (C-5), 154.1 (C-3), 169.4, 169.6, 
169.9, 170.5 (4 x COCH3); mlz (FAB) Found: M+i, 470.20338. C22H32N0 10 
requires M±1 470.20262. 
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3.4.5 	Cycloadditions of Nitrile Oxides to 3-0-Acetyl-5,6-dideoxy-1,2-0- 
isopropylidene-a-D-xylo-hex-5-enofuranose (107) 






(113) (500 mg, 1.28 mmol, 1 eq) 




2.56 mmol, 2 eq) were reacted as 
outlined previously (Section 3.4). T.l.c of the crude oil obtained indicated unreacted 
alkene together with two new spots at lower R f than the starting material. Separation 
by dry flash chromatography gave recovered alkene and the products as a mixture of 
isomers (630 mg, 82%, 79:21 ratio determined by 'H NMR). Further separation of 
the isoxazolines was carried out by MPLC (9:1 ether:hexane). The major 
cycloadduct, which was obtained as small crystals, was identified as (5R)-5-(3-0-
acetyl- 1 ,2-O-isopropylidene-(t-D-xylo-tetrofuranos-4-yl)-3 -(2,3 ,4,6-tetra-O-acetyl-- 
D-galactopyranosyl)-2-isoxazoline (141); mp 143.3-145.5°C; [a]'8D  -104.4° (c = 1.27, 
Cl-id 3); 8H (360 MHz, CDC13) 1.28, 1.48 (6H, 2 x s, C(CH3)2), 1.97, 2.00, 2.02, 2.09, 
2.13 (15H, 5 x S, 5 X COCH3), 3.17 (1 H, dd, 56a  77, J6a,6b  17.5, 6a-H), 3.24 (1H, dd, 
5,6b 10.3, J6a,6b  17.5, 6b-H), 3.95 (1H, ddd, j1213a  nd, I2,l3b  nd, J, 112 1.1 1  12-H), 4.07-
4.09 (2H, m, 13a-H, 13b-H), 4.23 (1H, dd, J34 3.2, J45 7.8, 4-H), 4.31 (1H, d, J8,9 9 . 6 , 
8-H), 4.50 (1H, dd, J23 0.01  J 2 3.7, 2-H), 4.75 (1H, ddd, J5,6a  7.7, J45 7.8, J5,6b  10.3, 5-
H), 5.10 (1H, dd, J1011 3.3, J910 10.2, 10-H), 5.19 (1H, dd, J89 9.6, J910 10.2, 9-H), 
5.23 (1H,dd, J23 0.0 1  J34 3.2, 3-H), 5.45 (1H, dd, JI 1,12 1.1, J1011 3.3, 11-H), 5.87 (1H, 
d, J, 2 3.7, 1-H); 8 c (90 MHz, CDC13) 20.4, 20.5, 20.7 (5 x COCH 3), 26.1, 26.6 
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(C(CH3)2), 36.2 (C-6), 61.4 (C-13), 66.1 (C-9), 67.2 (C- 11), 71.1 (C- 10), 74.0 (C-8), 
74.4 (C-12), 75.7 (C-3), 76.9 (C-5), 78.9 (C-4), 83.3 (C-2), 104.8 (C-i), 112.3 
(C(CH3)2), 155.8 (C-7), 169.3, 169.7, 169.9, 170.1, 170.2 (5 x COCH 3); mlz (FAB) 
Found: M+i, 602.20857. C26H36N0 15 requires M+l 602.20850. The minor 
cycloadduct, which was obtained as an oil, was identified as (5S)-5-(3-0-acetyl-1,2-
0-isopropylidene-a-D-xylo-tetrofuranos-4-yl)-3 -(2,3 ,4,6-tetra-O-acetyl-3-D- 
galactopyranosyl)-2-isoxazoline (142); [ (X] 18, +32.5° (c = 0.95, CHC1 3); 8H  (360 
MHz, CDC13) 1.29, 1.52 (6H, 2 x s, C(CH 3)2), 1.96, 1.99, 2.01, 2.09, 2.16 (15H, 5 x 
s, 5 x COCH3), 2.88 (1H, dd, 56a  73 4,,6b  17.5, 6a-H), 3.11 (1H, dd, J5,6b  11.3,  J6a,6b 
17.5, 6b-H), 3.94 (1H, ddd, J12,13a  nd,  J12,13b  nd, J 1112 1.2, 12-H), 4.06-4.08 (2H, m, 
13a-H, 13b-H), 4.30 (1H, dd, J34 3.2, J45 7.9, 4-H), 4.32 (1H, d, J89 9.0, 8-H), 4.51 
(iH, dd, J23 0.0, J12 3.9, 2-H), 4.72 (iH, ddd, J5,6a  73' J4,5 79,  J5,6b  11.3, 5-H), 5.10 
(iH, dd, J 10, 11 3.1, J910 9.9, 10-H), 5.15 (1H, dd, J89 9.0, J910 9.919-H), 5.29 (1H, dd, 
J23 0.0, J34 3.2,3-H), 5.45 (1H, dd, J1112 1.2, J 1011 3.1, il-H), 5.94 (1H, d, J12 3.9, 1-
H); 8c (90 MHz, CDC13) 20.4, 20.5, 20.6 (5 x COCH3), 26.4, 26.5 (C(cH3)2), 35.6 
(C-6), 61.5 (C-13), 66.1 (C-9), 67.2 (C-li), 70.9 (C-b), 74.2 (C-8), 74.6 (C-12), 
76.2, 78.6, 80.5 (C-3, C-4, C-5), 83.4 (C-2), 105.1 (C- 1), 112.4 (c(CH 3)2), 154.6 (C-
7), 169.7,170.0, 170.2, 170.2(5 xCOCH3). 








Reaction of per-O-acetylated 
nitromethylglucose (40) (200 
mg, 0.51 mmol, 1 eq) and xylo- 
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alkene (107) (232 mg, 1.02 mmol, 2 eq) was carried out as outlined above. Analysis 
of the crude oil obtained by t.l.c indicated unreacted alkene together with two new 
spots at lower Rf than the starting material. Separation by dry flash chromatography 
gave recovered alkene and the products as a mixture of isomers (265 mg, 86%, 76:24 
ratio determined by 'H NMR). Further separation of the isoxazolines was carried out 
by MPLC (9:1 ether:hexane). The major cycloadduct, which was obtained as a white 
solid, was identified as (5R)-5-(3 -O-acetyl- 1 ,2-O-isopropylidene-a-D-xylo-
tetrofuranos-4-yl)-3 -(2,3 ,4,6-tetra-O-acetyl--D-glucopyranosyl)-2-isoxazoline 
(143); mp 97.1-99.1°C; [a] '8D -114.0 (c = 2.65, CHC13); 8H  (360 MHz, CDC1 3) 1.22, 
1.42 (6H, 2 x s, C(CH 3)2), 1.93, 1.93, 1.95, 2.00, 2.03 (15H, 5 x s, 5 x COCH3), 3.08-
3.10 (2H, m, 6a-H, 6b-H), 3.70 (1H, ddd, 12,13a  2.2, J12,13b  5.1, J, 112 10.1, 12-H), 4.03 
(1H, dd, J12,11, 22, 113a,I3b 12.4, 13a-H), 4.17 (1H, dd, J12,13b  5.1,  J13a,13b  12.4, 13b-H), 
4.19 (1H, dd, J34 3.2, J45 9.5, 4-H), 4.28 (1H, d, J 89 10.0, 8-H), 4.44 (1H, dd, J23 0.0 1  
J, 2 3.7, 2-H), 4.67 (1H, ddd, J5,6and, J5,6bnd, J 45 9.5, 5-H), 4.97 (1H, dd, J910 9.5, J89 
10.0, 9-H), 5.01 (1H, dd, J 1011 9.5, J, 112 10. 1, 11-H), 5.16 (1H, dd, J 23 0.01  J34 3.2, 3-
H), 5.23 (1H, dd, .J910 9.5, J 1011 9.5, 10-H), 5.82 (1H, d, J 12 3.7, 1-H); & (90 MHz, 
CDC13) 20.3, 20.4, 20.5 (5 x COCH3), 25.9, 26.4 (C(CH 3)2), 35.7 (C-6), 61.8 (C-13), 
68.1 (C- 11), 68.7 (C-9), 73.0 (C- 10), 73.5 (C-8), 75.7 (C-3), 75.8 (C-12), 76.9 (C-5), 
78.7 (C-4), 83.2 (C-2), 104.7 (C-i), 112.1 (C(CH 3)2), 155.5 (C-7), 169.1, 169.2, 
169.7, 170.3 (5 x COCH3); mlz (FAB) Found: M+1, 602.20836. C 26H36N015 
requires M+1 602.20850. The minor cycloadduct, which was obtained as colourless 
flat crystals, was identified as (5 S)-5-(3 -O-acetyl- 1 ,2-O-isopropylidene-a-D-xylo-
tetrofuranos-4-yl)-3 -(2,3 ,4,6-tetra-O-acetyl-3-D-glucopyranosyl)-2-isoxazo1ine 
185 
(144); mp 182.6-183.1°C; {a]'8D  +34.80 (c = 0.55, CHC13); oH (360 MHz, CDC1 3) 
1.29, 1.50 (614, 2 x s, C(CH3)2), 1.98, 2.01, 2.06, 2.09, 2.14 (1511, 5 x s, 5 x COCH3), 
2.86(111, dd, j56a  7.2, 4afib  17.4, 6a-H), 3.08 (1H, dd, J5,6b  11.5,  J6,6b  17.4, 6b-H), 3.73 
(1H, ddd, J12,13a  2.3,  J12,13b  5.2, J 1112 10.1, 12-H), 4.10 (1H, dd, J12,13a 2.3,  J13a,13b  12.4, 
13a-H), 4.18 (1H, dd, I2,I3b  5.2, J13a,13b  12.4, 13b-H), 4.27 (1H, dd, J34 3.4, J45 7.5,4- 
H), 4.34 (1H, d, J89 10.0, 8-H), 4.51 (1H, dd, J23 0.0, J12 3.8, 2-H), 4.71 (1H, ddd, '5,6a 
7.2, J4 , 5 7.5, J5,6b  11.5, 5-H), 4.99-5.07 (2H, m, 9-H, li-H), 5.25-5.30 (2H, m, 3-H, 
10-H), 5.92 (1H, d, J12 3.8, 1-14); E,, (90 MHz, CDC1 3) 20.4, 20.6, 20.6 (5 x COCH3), 
26.4, 26.6 (C(CH3)2), 35.4 (C-6), 61.9 (C-13), 68.2 (C- 11), 68.9 (C-9), 73.0 (C- 10), 
73.5 (C-8), 76.0, 76.2, 78.8, 80.6 (C-3, C-4, C-5, C-12), 83.4 (C-2), 105.1 (C-i), 
112.4 (C(CH3)2), 154.5 (C-7), 169.3, 169.6, 169.8, 170.4 (5 x COd 3). The identity 
of this compound was confirmed by X-ray crystallography (Appendix III). 









(114) (200 mg, 0.51 mmol, 1 
eq) and xylo-alkene (107) (232 
mg, 1.02 mmol, 2 eq) were 
reacted as outlined in the general procedure. T.1.c of the crude oil obtained indicated 
urireacted alkene together with two new spots at lower Rf than the starting material. 
Separation by dry flash chromatography gave, in order of elution, recovered alkene 
and (5R)- and 5(S)-S -(3-O-acetyl- 1 ,2-O-isopropylidene-a-D-xylo-tetrofuranos-4-yl)-
3 -(2,3 ,4,6-tetra-O-acetyl--D-mannopyranosyl)-2-isoxazolines (145) and (146) as a 
mixture of isomers (265 mg, 86%, 80:20 ratio determined by 'H NMR). Further 
separation of the isoxazolines by MPLC proved unsuccessful; assignments for major 
(5R) isoxazoline (145): oH (360 MHz, CDC1 3) 1.23, 1.43 (6H, 2 x s, C(CH3)2), 1.91, 
1.99, 2.02, 2.04, 2.07 (15H, 5 X S, 5 x COCH3), 3.01 (1H, dd, j56a  10.7, J6a,6b  17.8, 6a-
H), 3.12 (1H, dd, 56b  7.0, J6a,6b  17.8, 6b-H), 3.69 (1H, ddd, I2I3a  2.3, J12,13b  573  JI 1,12 
10.0, 12-H), 4.08 (1H, dd, J12,13a  2.3,  J13a,13b  12.4, 13a-H), 4.23 (1H, dd, J12,13b  5.7, 
13a,13b 12.4, 13b-H), 4.36 (1H, d, J89 1.0, 8-H), 4.45 (1H, dd, J23 0.0, J12 3.6, 2H), 
4.47 (1H, dd, J34 3.1, J45 11.0, 4-H) 4.70 (1H, ddd, J5,0 7 . 0 , j56a 10.7, J45 11.0, 5-H), 
5.05 (1H, dd, J910 3.3, J1011 5.2, 10-H), 5.16 (1H, dd, J23 0.01  J34 3.1, 3-H), 5.20 (1H, 
dd, J1011 5.2, J1112 10.0, 11-H), 5.56 (1H, dd, J89 1.0, J910 3.3, 9-H), 5.81 (1H, d, J 1,2 
3.6, 1-H); O  (90 MHz, CDC1 3) 21.0, 21.1, 21.2, 21.2 (5 x COCH3), 26.5, 27.0 
(C(CH3)208.4 (C-6), 63.0 (C-13), 66.0, 69.2, 72.2, 73.7, 76.3, 77.1, 77.2 (C-3, C-5, 
C-8, C-9, C- 10, C- 11, C-12), 79.4 (C-4), 83.7 (C-2), 105.3 (C- 1), 112.8 (C(CI-1 3)2), 
155.4 (C-7), 169.8, 170.0, 170.3, 170.5, 171.1 (5 x COCH3); rnlz (FAB) Found: 
M+1, 602.20850. C26H36N0, 5 requires M+1 602.20863. 
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3.4.6 	Cycloadditions of Nitrite Oxides to 3-0-Benzoyl-5,6-dideoxy-1,2-0- 
isopropylidene-a-D-xy/o-hex-5-enofuranose (108) 
3.4.6.1 3,4,5,7-Tetra-0-acety1--D-ga1actopyranosy1-1-nitri1e Oxide (101) 
Ac 
Acetylated nitromethylgalactose 
(113) (200 mg, 0.51 mmol, 1 eq) 




147,148 	 1.02 mmol, 2 eq) were reacted as 
described in the general procedure. Separation by dry flash chromatography gave 
recovered alkene and the products as a mixture of isomers (270 mg, 80%, 78:22 ratio 
determined by 'H NMR). Further separation of the isoxazolines was carried out by 
MPLC (9:1 ether:hexane). The major cycloadduct, which was obtained as a white 
crystalline solid, was identified as (5R)-5-(3-O-benzoyl-1,2-O-isopropylidene-(x-D-
xylo-tetrofuranos-4-yl)-3 -(2,3 ,4,6-tetra-O-acetyl-3-D-galactopyranosyl)-2- 
isoxazoline (147); mp 92.3-95.0°C; [aJ'8D  -90.9° (c = 0.69, CHC1 3); 8H  (360 MHz, 
CDC13) 1.26, 1.48 (6H, 2 x s, C(CH 3)2), 1.92, 1.93, 1.99, 2.08 (12H, 4 x s, 4 x 
COCH3), 3.21-3.24 (2H, m, 6a-H, 6b-H), 3.93 (1H, m, 12-H), 4.04-4.06 (2H, m, 13a-
H, 13b-H), 4.28 (1H, d, J89 9.6, 8-H), 4.31 (1H, dd, J 34 3.0, J45 7.9, 4-H), 4.60 (1H, 
dd, J23 0.0, J, 2 3.7, 2-H), 4.86 (1H, ddd, J5,6and, J5,6bnd, J 45 7.9, 5-H), 5.06 (1H, dd, 
J 1011 3.2 1 J910 10.2, 10-H), 5.15 (1H, dd, J89 9.6, J910 10.2, 9-H), 5.41 (1H, dd, J 1011 
3.2, J1112 1.1 1  11-H), 5.47 (1H, dd, J23 0.01  J34 3.0, 3-H), 5.91 (1H, d, J, 2 3.7, 1-H), 
7.39-7.43 (211, m, 2 x Ph CH), 7.52-7.56 (1H, m, Ph CH), 7.96-7.99 (2H, m, 2 x Ph 
CH); 8c (90 MHz, CDC1 3) 20.4, 20.4, 20.5 (4 x COCH 3), 26.1, 26.6 (C(CH3)2), 36.4 
(C-6), 61.4 (C-13), 66.1, 67.2, 71.1, 74.0, 74.4, 76.1, 77.0 (C-3, C-5, C-8, C-9, C-b, 
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C-il, C-12), 79.2 (C-4), 83.4 (C-2), 104.8 (C-i), 112.4 (C(CH 3)2), 128.4 (2 x Ph 
CH), 129.2 (Phquat), 129.7(2 x Ph CH), 133.4 (Ph CH), 155.8 (C-7), 164.9 (COPh), 
169.8, 169.9, 170.1, 170.2 (4 x COCH 3); mlz (FAB) Found: M+1, 664.22712. 
C31 H38N0 15 requires M+1 664.22415. The minor cycloadduct, which was obtained 
as an oil, was identified as (SS)-5-(3-O-benzoyi-1,2-O-isopropyiidene-a-D-xylo-
tetrofuranos-4-yl)-3-(2,3 ,4,6-tetra-O-acety1--D-ga1actopyranosy1)-2-isoxazo1ine 
(148); oH (360 MHz, CDC13) 1.31, 1.58 (6H, 2 x s, C(CH 3)2), 1.98, 2.00, 2.02, 2.17 
(12H, 4 x s, 4 x COCH 3), 2.95 (1H, dd, J5,6a  7.2,  J6a,6b  17.5, 6a-H), 3.13 (1H, dd, J5,6b 
11.4, J6a,6b  17.5, 6b-H), 3.93 (1H, m, 12-H), 4.02-4.05 (2H, m, 13a-H, 13b-H), 4.32 
(1H, d, J8,99.3,  8-H), 4.45 (1H, dd, J3,43.3,  J45 8.2, 4-H), 4.66 (1H, dd, J 23 0.0 1  J12 3.8, 
2-H), 4.88 (1H, ddd, 5,6a  7.2, J45 8.2, J5,6b  11.4, 5-H), 5.11 (1H, dd, J 1011 3.2, J910 10.2, 
10-H), 5.17 (111, dd, J89 9.3, J910 10.2, 9-H), 5.45 (1H, dd, J 1112 1.2, J 1011 3.2, 11-H), 
5.56 (1H, dd, J23 0.0 1  J34 3.3, 3-H), 6.04 (1H, d, J 12 3.8, 1-H), 7.44-7.48 (2H, m, 2 x 
Ph CH), 7.58-7.63 (1H, m, Ph CH), 7.99-8.04 (2H, m, 2 x Ph CH); 3 (90 MHz, 
CDC13) 20.4, 20.5, 20.6 (4 x COCH 3), 26.5, 26.6 (C(CH 3)2), 35.5 (C-6), 61.5 (C-13), 
66.2, 67.2, 70.9, 74.2, 74.6, 76.7, 78.9, 80.8 (C-3, C-4, C-5, C-8, C-9, C- 10, C- 11, C-
12), 83.5 (C-2), 105.3 (C-i), 112.6 (C(CH 3)2), 128.6 (2 x Ph CH), 128.8 (Ph quat), 
129.7 (2 x Ph CH), 133.7 (Ph CH), 154.6 (C-7), 165.2 (COPh), 169.7, 170.1, 170.2 
(4 x COCH3). 
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3.4.6.2 3,4,5,7-Tetra-0-acety1--D-g1ucopyranosy1-1-nitri1e Oxide (100) 
OAc 
13!~~ 







(40) (200 mg, 0.51 mmol, 1 eq) 
and xylo-alkene (108) (232 mg, 
1.02 mmol, 2 eq) were reacted 
as described previously. T.l.c of the crude oil obtained indicated two new spots at 
lower Rf than the starting material, together with excess alkene. Separation by dry 
flash chromatography gave recovered alkene and the products as a mixture of 
isomers (298 mg, 88%, 80:20 ratio determined by 'H NMR). Further separation of 
the diastereomers was carried out by MPLC. The major cycloadduct, which was 
obtained as a solid, was identified as (5R)-5-(3-O-benzoyl-1,2-O-isopropylidene-a-
D-xylo-tetrofuranos-4-yl)-3-(2,3 ,4,6-tetra-O-acetyl-13-D-glucopyranosyl)-2- 
isoxazoline (149); mp 204.2-205.4°C; [a]18D  —92.2° (c = 1.02, CHC13); 6H  (360 MHz, 
CDC13) 1.25, 1.47 (6H, 2 x s, C(CH 3)2), 1.89, 1.94, 1.97, 2.02 (12H, 4 x s, 4 x 
COCH3), 3.15-3.18 (2H, m, 6a-H, 6b-H), 3.71 (1H, ddd, J 12,13a  2.2,  J12,13b  5.0, J,,, 2 
10.0, 12-H), 4.05 (1H, dd, J12 , 13a  2.2, j13a13b  12.4, 13a-H), 4.19 (1H, dd, J12,13b  5.0, 
13a,13b 12.4, 13b-H), 4.28-4.31 (2H, m, J45 nd, J34 3.1, J89 9.7, 4-H, 8-H), 4.59 (1H, 
dd, J23 0.01 J1 ,23.7, 2-H), 4.83 (1H, m, Jnd  8.2,  Jnd 9.4, 5-H), 4.97 (1H, dd, J8 ,99.7, J910 
9.8, 9-H), 5.03 (1H, dd, J 1011 9.91 J1112  10.0, 11-H), 5.24 (1H, dd, J910 9.8, J1011 9.9, 
10-H), 5.45 (1H, dd, J23 0.0 1  J34 3.1, 3-H), 5.91 (1H, d, J 12 3.7, 1-H), 7.38-7.42 (2H, 
m, 2 x Ph CH), 7.51-7.56 (1H, m, Ph CH), 7.94-7.97 (2H, m, 2 x Ph CH); 8 c (90 
MHz, CDC13) 20.2, 20.3, 20.4 (4 x COCH 3), 25.9, 26.4 (C(CH3)2), 36.1 (C-6), 61.8 
(C-13), 68.0 (C-il), 68.7 (C-9), 73.0 (C-b), 73.5 (C-8), 75.8 (C-12), 76.1 (C-3), 
Iv1c 
76.9 (C-5), 79.1 (C-4), 83.3 (C-2), 104.8 (C-i), 112.2 (C(CH 3)2) 1  128.3 (2 x Ph CH), 
129.1 (Ph quat), 129.5 (2 x Ph CH), 133.3 (Ph CH), 155.4 (C-7), 164.8 (COPh), 
169.2, 169.6, 169.6, 170.2 (4 x COCH 3); mlz (FAB) Found: M+1 664.22643 
C31 H38N0 15 requires M+l 664.22415. The identity of this compound was confirmed 
by X-ray crystallography (Appendix IV). The minor cycloadduct, which was 
obtained as a solid, was identified as (5S)-5-(3-O-benzoyl-1,2-O-isopropylidene-a-
D-xylo-tetrofuranos-4-yl)-3 -(2,3 ,4,6-tetra-O-acety1-3-D-g1ucopyranosyl)-2- 
isoxazoline (150); mp 201.4-202.7°C; [a]'8D 25.80 (c = 0.47, CHC1 3); oH (360 MHz, 
CDC13) 1.37, 1.60 (6H, 2 x s, C(CH3)2), 2.05, 2.06, 2.06 (12H, 4 x s, 4 x COCH 3), 
2.98 (1H, dd, 56a  7.1, J6a,6b  17.5, 6a-H), 3.13 (1H, dd, J5,6b  11.4, 6,,,6b  17.5, 6b-H), 3.75 
(1H, ddd, 1213a  2.3, JI2l3b  5.1, J1112 10.1, 12-H), 4.11 (1H, dd, J12,13a  2.3,  J13a,13b  12.4, 
13a-H), 4.18 (ifi, dd, J12,13b  5.1,  J13a,13b  12.4,13b-H), 4.38 (1H, d, J89 10.0, 8-H), 4.46 
(1H, dd, J34 3.5, J45 7.8, 4H), 4.71 (1H, dd, J23 0.01  J12 3.8, 2_H), 4.90 (1H, ddd, 5,6a 
7.1, J4 , 5 7.8, J5,6b  11.4, 5-H), 5.05-5.10 (2H, m, 9-H, 11-H), 5.33 (1H, dd, J 910 9.5, J 1011 
9.5, 10-H), 5.60 (1H, dd, J23 0.01  J34 3.5, 3-H), 6.07 (11-1, d, J 12 3.8, 1-H), 7.48-7.52 
(2H, m, 2 x Ph CH), 7.62-7.67 (11-1, m, Ph CH), 8.05-8.08 (2H, m, 2 x Ph CH); 8 c (90 
MHz, CDCI3) 20.4, 20.5 (4 x COCH3), 26.6, 26.7 (C(CH 3)2), 35.4 (C-6), 61.9 (C-13), 
68.2, 68.9 (C-9, C-li), 73.0, 73.7 (C-8, C-b), 76.0, 76.6, 79.0, 81.0 (C-3, C-4, C-5, 
C-12), 83.6 (C-2), 105.3 (C- 1), 112.6 (C(CH 3)2) 1  128.6 (2 x Ph CH), 128.7 (Ph quat), 
129.7 (2 x Ph CH), 133.7 (Ph CH), 154.5 (C-7), 165.1 (COPh), 169.3, 169.8, 169.9, 
170.4(4 xçOCH3). 
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3.4.6.3 3,4,5,7-Tetra-0-acety1--D-mannopyranosy1-1-nitri1e Oxide (102) 
13 
AcO 	OAc N 	0 
BzO 	ok 
151,152 
Reaction of per-O-acetylated 
nitromethylmannose (114) (200 
mg, 0.51 mmol, 1 eq) and xylo-
alkene (108) (296 mg, 1.02 
mmol, 2 eq) was carried out as previously described (Section 3.4). Dry flash 
chromatography gave unreacted excess alkene and the products as a mixture of 
isomers (151) and (152) (265 mg, 78%, 79:21 ratio determined by 1 H NMR). 
Although further separation of the isoxazolines by chromatography proved to be 
difficult, a small sample of the major cycloadduct (5R)-5-(3-0-benzoyl-1 ,2-O-
isopropylidene-a-D-xylo-tetrofuranos-4-yl)-3 -(2,3 ,4,6-tetra-O-acetyl--D- 
mannopyranosyl)-2-isoxazoline (151) was obtained from the isomer mixture; [a]18D 
+22.50 (c = 0.4, CHC1 3); 5H  (250 MHz, CDC13) 1.30, 1.53 (6H, 2 x s, C(CH3)2) 1  1.96, 
2.04, 2.07, 2.07 (12H, 4 X S, 4 x COCH3), 3.09 (1H, dd, J5,6a  o•o, J6,6b 17.7, 6a-H), 
3.24 (1H, dd, 56b  6.7, J6a,6b  17.7, 6b-H), 3.72 (1H, ddd, 1 I2 , 13 a  2.4, J12,13b  5.8, J11 10.01  
12-H) 5 4.12 (1H, dd, J12,13a  2.4,  J13,13b  12.3, 13a-H), 4.25 (1H, dd, J12,13b  5.8)  J13a,13b 
12.3, 13b-H), 4.36 (1H, dd, J3,4 3 . 1 , J4,57.2, 4-H), 4.52 (1H, d, J89 1.2, 8-H) 5 4.64 (1H, 
dd, J2,3 0.0, J1,23.8,  2-H), 4.90 (1H, ddd, J5,6a  0•0, J 	6.7, J45 7.2, 5-H), 5.08 (1H, dd, 
J910 3.3 5 J 1011 10.1, 10-H), 5.25 (1H, dd, J101 10.1, J 1112 10.01  11-H), 5.49 (1H, dd, J23 
0.0, J34 3.1, 3-H), 5.60 (1H, dd, J910 3.3, J89 1.2, 9-H), 5.95 (1H, d, J 12 3.8, 1-H), 
7.41-7.48 (2H, m, 2 x Ph CH), 7.56-7.62 (1H, m, Ph CH), 7.96-8.05 (2H, m, 2 x Ph 
CH); E (63 MHz, CDC1 3) 20.4, 20.6, 20.6 (4 x COCH 3), 26.1, 26.6 (C(CI-1 3)2), 37.9 
(C-6), 62.5 (C-13), 65.5, 68.6, 71.7, 73.2, 76.2, 76.7 5 76.8, 79.1, 83.3 (C-2, C-3, C-4, 
192 
C-5, C-8, C-9, C- 10, C- 11, C-12), 104.9 (C- 1), 112.4 (C(CH 3)2), 128.5 (2 x Ph CH), 
129.0 (Ph quat), 129.6 (2 x Ph CH), 133.5 (Ph CH), 154.7 (C-7), 164.9 (COPh), 
169.5, 169.8, 169.9, 170.5 (4 x COCH3); mlz (FAB) Found: M+1, 664.22697. 
C31 H38N0, 5 requires M+1 664.224 15. 
3.4.6.4 3,4,5-Tri-O-acetyl--L-fucopyranosy1-1-nitri1e Oxide (103) 
Acetylated nitromethylfucose (115) 
Me,, 	O., 
13 
AcO 	 C BzO 
OAc 	153,154 
(150 mg, 0.45 mmol, 1 eq) and 
xylo-alkene (108) (261 mg, 0.90 
mmol, 2 ea) were reacted as 
outlined in the general procedure. Separation by dry flash chromatography gave 
recovered alkene and the products as a mixture of isomers (245 mg, 90%, 81:19 ratio 
determined by 'H NMR). The isoxazolines were further separated by MPLC. The 
major cycloadduct, which was obtained as a white solid, was identified as (5R)-5-(3-
0-benzoyl- 1 ,2-O-isopropylidene-a-D-xylo-tetrofuranos-4-yl)-3 -(3 ,4,5-Tri-O-acetyl-
3-L-fiicopyranosyl)-2-isoxazoline (153); mp 107.6-109.5°C; [a]'8D  -34.0° (c = 1.09, 
CHC13); oH  (360 MHz, CDC13) 1.18 (3H, d, J113  6.4, 13-H), 1.35, 1.65 (6H, 2 x s, 
C(CH3)2), 2.01, 2.04, 2.21 (911,3 x s,3 X COCH3), 3.29 (1H, dd, J5,6a 11 ' 0 1 J6,6b 17.7, 
6a-H), 3.39 (1H, dd, 56b  6.6, J6a,6b  17.7, 6b-H), 3.87 (1H, dd, J1112  1.0, J 1213 6.4, 12-
H), 4.33 (1 H, d, J8,99.8,  8-H), 4.44 (1H, dd, J3,43.0,  J45 8.4, 4-H), 4.69 (1 H, d, J 23 0.01  
J 12 3.7, 2-H), 4.96 (1H, ddd, 5,6b  6.6, J45 8.4, J5 ,6a  11.0, 5-H), 5.14 (1H, dd, J 1011 3.3, 
J89 9.8, 10-H), 5.25 (1H, dd, J 910 9.8, J89 9.8, 9-H), 5.33 (1H, dd, J, 1 , 2 1.0, J1011 3.3, 
11-H), 5.51 (1H, d, J 3 0.01 J3,43.0,  3-H), 5.99 (1H, d, J1,23.7,  1-H), 7.30-7.49 (2H, m, 
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2 x Ph CH), 7.58-7.63 (1H, m, Ph CH), 8.04-8.07 (2H, m, 2 x Ph CH); 8c (90 MHz, 
CDC13) 16.2 (C-13), 20.4, 20.5, 20.6 (3 x COCH 3), 26.2, 26.3 (C(CH 3)2), 36.6 (C-6), 
66.1, 70.2, 71.5, 72.9, 73.9, 76.2, 76.4, 79.2 (C-3 to C-5, C-8 to C-12), 83.4 (C-2), 
104.8 (C-i), 112.5 (C(CH 3)2), 128.3 (2 x Ph CH), 129.3 (Ph quat), 129.6 (2 x Ph 
CH), 133.3 (Ph CH), 155.6 (C-7), 164.9 (COPh), 169.9, 170.1, 170.4 (3 x COCH 3); 
mlz (FAB) Found: M+1, 606.21852. C29H36N0 13 requires M+1 606.21867. The 
minor cycloadduct, (5 S)-5-(3 -O-benzoyl- 1 ,2-O-isopropylidene-a-D-xylo-
tetrofuranos-4-yl)-3 -(3,4,5 -Tri-O-acety1--L-fucopyranosy1)-2-isoxazo1ine (154), was 
obtained as an oil; [(X]1 18D +76.50 (c = 0.37, CHC13); oH (360 MHz, CDC1 3) 1.21 (311, 
d, J1213 6.4, 13-H), 1.37, 1.59 (6H, 2 x s, C(CH0 2), 1.99, 2.02, 2.18 (9H, 3 x s, 3 x 
COCH3), 2.93 (1H, dd, j56a  9.1, J6a,6b  17.1, 6a-H), 3.23 (1H, dd, J5,6b  10.8,  J6a,6b  17.1, 
6b-H), 3.88 (1H, dd, J 11 1.0 1  J 1213 6.4, 12-H), 4.31 (111, d, J 89 9.6, 8-H), 4.51 (1H, 
dd, J34 3.5, J45 7.2, 4-H), 4.72 (1H, d, J23 0.01  J12 3.8, 2-H), 4.87 (1H, ddd, J45 7.2, 
15,6a  9.1 1 J5,6b  10.8, 5-H), 5.12-5.14 (2H, m, 9-H, 10-H), 5.33 (1H, dd, J 1112 1.01  J1011 
2. 0, 11-H), 5.51 (1H, d, J23 0.01  J34 3.5, 3-H), 6.08 (111, d, J 12 3.8, 1-H), 7.50-7.54 
(2H, m, 2 x Ph CH), 7.63-7.67 (1H, m, Ph CH), 8.08-8.10 (2H, m, 2 x Ph CH); O (90 
MHz, CDC13) 16.2 (C-13), 20.5, 20.6 (3 x COCH3), 26.3, 26.7 (C(CH 3)2), 35.7 (C-6), 
66.2, 70.3, 71.4, 73.2, 74.1, 76.9, 79.0, 80.7 (C-3 to C-5, C-8 to C-12), 83.5 (C-2), 
105.2 (C-i), 112.5 (C(CH 3)2), 128.6 (2 x Ph CH), 128.8 (Ph quat), 129.8 (2 x Ph 
CH), 133.7 (Ph CH), 155.5 (C-7),165.4 (COPh), 169.8, 170.2, 170.4 (3 x COCH 3); 
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3.4.7 	Cycloadditions of Nitrite Oxides to Methyl 5,6-Dideoxy-2,3-0- 
isopropylidene-a-D-lyxo-hex-5-enofuranoside (109) 
3.4.7.1 3,4,5,7-Tetra_0-acety1-3-D-galactopyranosyl-1-nitrile Oxide (101) 
Acetylated 	nitromethylgalactose 
(113) (500 mg, 1.28 mmol, 1 eci) and 
lyxo-alkene (109) (1.28 g, 6.4 mmol, 
5 eq) were reacted as outlined in the 
general procedure. Chromatography 
of the crude reaction mixture afforded an oil which was identified as an inseparable 
mixture of (5R)- and (5 S)-5-( 1 -methyl-2,3 -O-isopropylidene-a-D-lyxo-tetrofuranos-
zl.-yl)-3 -(2,3 ,4,6-tetra-O-acety1--D-galactopyranosyl)-2-isoxazolines (155) and (156) 
(652 mg, 89%, 76:24 ratio estimated by 'H NMR); assignments for major (5R) 
isomer: 8. (360 MHz, CDC13) 1.22, 1.38 (6H, 2 x s, C(CH 3)2), 1.90, 1.93, 1.95, 2.06 
(12H, 4 x s, 4 x COCH3), 3.02 (1H, dd, j56a  8.1, 16a,6b  17.5, 6a-H), 3.16 (1H, dd, J5,6b 
10.6, J6a,6b  17.5, 6b-H), 3.22 (3H, s, OCH 3), 3.88 (1H, dd, J3,,3.6, J45 7.0, 4-H), 3.92 
(1H, ddd, J11,12  1.1, J12,13and, J12,13bnd, 12-H), 3.99-4.02 (2H, m, 13a-H, 13b-H), 4.27 
(1H, d, J8,99.6,  8-H), 4.47 (1H, dd, J, 2 0.0, J23 5.9, 2-H), 4.67 (1H, dd, J3,43.6,  J23 5.9, 
3-H), 4.78 (1H, ddd, J45 7.0, J5,6,, 8 . 1 , J5,6b 10.6, 5-H), 4.81 (1H, d, J1,20-01  1-H), 5.05 
(1H, dd, J 1011 3.3, J910 10.2, 10-H), 5.14 (1H, dd, J 89 9.6, J910 10.2, 9-H), 5.38 (1H, 
dd, J,,, 2 1.1, J 1011 3.3, 11-H); & (63 MHz, CDC1 3) 20.1, 20.2, 20.2 (4 x COCH 3), 
24.1, 25.4 (C(CH3)2), 35.5 (C-6), 54.2 (OCH 3), 61.1 (C-13), 65.8, 67.0 (C-9, C- 11), 






(C-i), 112.2 (C(CH 3)2), 155.7 (C-7), 169.4, 169.6, 169.7, 169.9 (4 x COCH 3); mlz 
(FAB) Found: M+1, 574.21364. C25H36N014 requires M+1 574.21358. 
3.4.7.2 3,4,5,7Tetra-0-acety1-3-D-g1ucopyranosy1-1-nitri1e Oxide (100) 
Acetylated 	nitromethyiglucose 
(40) (50 mg, 0.13 mmol, 1 eq) and 
lyxo-alkene (109) (128 mg, 0.64 
mmol, 5 eq) were reacted as 
outlined in the general procedure. 
The crude reaction mixture was purified by chromatography to give, in order of 
elution, unreacted excess alkene and a mixture of inseparable isoxazolines as an oil. 
The products were identified as (5R)- and (5S)-5-(1-methyl-2,3-O-isopropylidene-(x-
D-lyxo-tetrofuranos-4-yl)-3 -(2,3 ,4,6-tetra-O-acetyl-3-D-glucopyranosyl)-2- 
isoxazolines (157) and (158) (59 mg, 81%, 79:21 ratio determined by 'H NMR); 
assignments for major (5R) isomer: oH (360 MHz, CDC1 3) 1.27, 1.43 (6H, 2 x s, 
C(CH3)2), 1.98, 1.98, 2.00, 2.03 (12H, 4 X S, 4 X COCH3), 3.06 (1H, dd, J5,6a  8.6,  J6a,6b 
17.5, 6a-H), 3.14 (1H, dd, J5,6b  11.6,  J6a,6b  17.5, 6b-H), 3.28 (3H, s, OCH3), 3.72 (1H, 
ddd, 1213a  2.4, J12,13b  4.8,  i1112  10.01  12-H), 3.97 (1H, dd, J34 3.6, J45 6.4, 4-H), 4.11 
(1H, dd, 1213a  2.4, J13.,13b  12.4, 13a-H), 4.18 (1H, dd, J I2l3b 4.8, J13a,13b  12.4, 13b-H), 
4.32 (in, d, J89 10.0, 8-H), 4.53 (111, dd, J, 2 0.0, J, 5.9, 2-H), 4.72 (1H, dd, J34 3.6, 
J23 5.9, 3-H), 4.84 (iH, ddd, J45 6.4, J5,6a  8.6,  J5,6b  11.6, 5-H), 4.87 (1H, d, i, 2 0.0 1  1-
H), 5.01-5.09 (2H, m, 9-H, li-H), 5.27 (in, dd, J910 9.5, J1011 9.5, 10-H); o (63 
MHz, CDC1 3) 20.4, 20.5, 20.6 (4 x COCH 3), 24.3, 25.6 (c(cH3)2), 35.3 (C-6), 54.5 
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(OCH3), 61.9 (C-13), 68.2, 68.7 (C-9, C- 11), 73.1, 73.7, 75.8, 78.2, 79.1, 79.1, 84.7 
(C-2, C-3, C-4, C-5, C-8, C-b, C-12), 107.1 (C-i), 112.6 (C(CH 3)2), 155.8 (C-7), 
169.4, 169.7, 169.9, 170.4 (4 x COCH 3); mlz (FAB) Found: M+1, 574.21337. 
C25H36N014 requires M+i 574.21358. 
3.4.8 	Dimerisation of 3,4,5,7-Tetra-0-acety1-3-D-mannopyranosyI-1-nitri1e 
Oxide (102) 
Acetylated nitromethylmannose (114) 
(150 mg, 0.38 mmol, 1 eq) was reacted 
AcO 0 3b 0Ac 
under the conditions outlined in the 
'-( 
AcO " OAc 	 "OAc 
general procedure, but in the absence 
OAc 
159 	6 OAc 
of a dipolarophile. After heating under 
reflux for 7 days, the mixture' was cooled and quenched with diaminoethane. 
Removal of the urea formed, followed by evaporation of the solution gave a semi-
crystalline solid. Recrystallisation from ethanol afforded 3,4-di-(2,3,4,6-tetra-0-
acety1-3-D-mannopyranosyl)-1,2,5-oxadiazo1e-2-oxide (159) as a white solid (129 
mg, 90%); mp 213.1-214.6°C; [cx] '8D -14.0° (c = 1.0, CHC13); oH (250 MHz, CDC13) 
1.93, 1.93, 1.96, 2.02, 2.03, 2.05, 2.05, 2.06, 2.07, 2.11 (24H, 8 x s, 8 x COCH 3), 
3.80-3.94 (2H, m, 5'-H, 5"-H), 4.17-4.36 (4H, m, 6'a-H, 6'b-H, 6"a-H, 6"b-H), 4.93, 
5.17 (2H, 2 x d, J 1 . 2 ', J 1 " 2" 0.9 1  1.0 1  1'-H, 1"-H) 5.10-5.36 (411, m, 2'-H, 2"-H, 4'-H, 
4"-H) 5.68-5.74 (2H, m, 3'-H, 3"-H); O (63 MHz, CDC1 3) 20.3, 20.3, 20.4, 20.4, 
20.6, 20.6 (8 x COCH 3), 62.1, 62.7 (C-6', C-6"), 64.9, 65.4, 66.0, 67.3, 70.5, 71.0, 
71.6, 76.8, 77.1 (C-l', C-2', C-3', C-4', C-5', C-P, C-2", C-3", C-4", C-5"), 110.5 
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(C-3), 152.7 (C-4), 169.2, 169.3, 169.6, 169.7, 169.9, 170.2, 170.3 (8 x COCH 3); mlz 
(FAB) Found: M+1, 747.20920. C 30H39N2020 requires M+1 747.20962. 
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3.5 	Nitrite Oxide Cycloadditions: Oxidative Dehydrogenation of Pyranosyl 
Oximes 
The two nitrite oxides employed were generated from their corresponding 
oximes in situ using a modified procedure of Lee. 29 The general conditions used 
were as follows. 
General Procedure. A solution of the dipolarophile (3 eq) and triethylamine (2 
drops, catalytic) in dichioromethane (10 cm') was cooled to 0°C and aqueous sodium 
hypochiorite (0.4 cm') added. The oxime (1 ed) in dichioromethane (2 cm) was 
added dropwise with vigorous stirring over -15 mins and the two phase mixture 
allowed to stir overnight. If t.l.c indicated starting material was still present at this 
stage additional sodium hypochlorite solution (0.4 cm') was added and stirring 
continued. After the reaction was complete the organic layer was separated and the 
aqueous layer extracted with dichloromethane (2 x 10 cm'). The combined organics 
were washed with water (2 x 10 cm') and dried (MgSO 4). The solvent was removed 
and the crude oil obtained purified by dry flash column chromatography to give a 
mixture of diastereomeric isoxazolines (ratio determined by 1 H NMR at this stage). 
Where possible the isomer mixture of products was then further separated by 
medium pressure liquid chromatography (MPLC) to afford each diastereomer. 
199 
3.5.1 	Cycloaddition of 3,4,5,7-Tetra-0-acetyl-3-D-glucopyranosyl-1-nitrile 
Oxide (100) to Selected Dipolarophiles 






Reaction of glucose derived oxime (116) 
(100 mg, 0.27 mmol, 1 eq) with styrene 
(141 mg, 1.35 mmol, 5 eq) was carried 
out according to the general procedure. 
The crude reaction mixture was purified by dry flash chromatography (ether/hexane). 
The first compounds eluted, obtained as an oil, were identified as an inseparable 
mixture of (5R)- and (5 S)-5-phenyl-3 -(2,3 ,4,6-tetra-O-acetyl--D-g1ucopyranosy1)-2-
isoxazolines (160) and (161) (68 mg, 53%, 55:45 ratio estimated by ' 3C NMR); oH 
(360 MHz, CDC1 3) 1.95, 1.97, 2.00, 2.01, 2.02, 2.03, 2.05, 2.07 (24H, 8 x s, 8 x 
COCH3), 3.00 (1H, dd, L1a5  94' 14a,4b  17.1, 6a-H), 3.07 (1H, dd, J4a, 5  94' '4a,4b  17.1, 6a-
H), 3.42 (111, dd, J4b,5  10.91  J4.,4b  17.1, 6b-H), 3.48 (1H, dd, J4b,5  10.91  J4.,4b  17.1, 6b-
H), 3.71-3.80 (211, 2 x ddd, 2 x 5'-H), 4.03-4.24 (4H, 4 x dd, 2 x 6'a-H, 2 x 6'b-H), 
4.37 (1H, d, J 1 . 2 10.0 1  1'-H), 4.40 (1H, d, i12. 10.0, 1'-H), 4.99-5.12 (4H, m, 2 x 2'-
H, 2 x 4'-H), 5.24-5.35 (2H, 2 x dd, 2 x 3'-H), 5.49-5.59 (2H, 2 x dd, 2 x 5-H), 7.27-
7.37 (1 OH, m, 10 x Ph CH); O (63 MHz, CDC1 3) 20.3, 20.4, 20.4, 20.5 (8 x COCH 3), 
40.4, 40.5 (2 x C-4), 61.8, 61.8 (2 x C-6'), 68.0, 68.1, 68.5, 68.9, 73.0, 73.2, 73.8, 
75.8, 75.9 (2 x C-l' to 2 x C-5'), 82.5, 82.8 (2 x C-5), 125.9, 126.1, 128.1, 128.2, 
128.5, 128.5 (10 x Ph CH), 139.4, 140.0 (2 x Ph quat), 154.9 (2 x C-3), 169.3, 169.4, 
169.8, 169.9, 170.4 (8 x COCH3); mlz (FAB) Found: M+1, 478.17093. C 22H28N0 10 
requires M-I-1 478.17132. The more polar compound, which was obtained as a 
KIEI 
white solid, was identified as glucose derived furoxan (162) (21 mg, 21%) by 
comparison with an authentic sample (Section 3.5.3.1). 
3.5.1.2 Methylenecyclohexane (105) 
OAc 
AcT 3 ' 2V 
0tc 
135 
Glucose derived oxime (116) (100 mg, 0.27 
mmol, 1 eq) and methylenecyclohexane (80 
mg, 0.81 mmol, 3 eq) were reacted 
according to the general procedure. 
Separation by dry flash chromatography gave, in order of elution, 5-
(spirocyclohexyl)-3 -(2,3 ,4,6-tetra-O-acetyl-f3-D-glucopyranosyl)-2-isoxazoline (135) 
(40 mg, 32%); mp 151.0-152.5°C; [a]18D  -42.00 (c = 1.0, CHC13); H  (250 MHz, 
CDC13) 1.22-1.67 (1 OH, br m, 1"a-H, 1"b-H to 5"a-H, 5"b-H), 1.99, 2.02, 2.06 (12H, 
4 X 5, 4 X COCH3), 2.68 (1H, d, J4a,4b  17.1, 4a-H), 2.78 (114, d, J4a,4b  17.1, 4b-H), 3.73 
(I H, ddd, 5',6'b  2.2, 5'6'a  5.1, J4 ' 5 ' 10.0, 5'-H), 4.08 (1H, dd, 5',6'b  2.2, 16'a,6'b  12.4, 6'b 
H), 4.21 (1 H, dd, 4,6'a 5 . 1 , 6'a,6'b 12.4, 6'a-H), 4.29 (114, d, J 1 ' 2 ' 10.0, i'-H), 5.04 (211, 
2 x dd, 2'-H, 4'-H), 5.27 (1H, dd, J2 ' 3 '9.4, J3 .,4 ' 9.4, 3'-H); & (63 MHz, CDC1 3) 20.4, 
20.5, 20.5, 20.6 (4 x COd 3), 23.1, 23.3, 24.8, 36.1, 36.4 (C- I", C-2", C-3", C-4", 
C-5"), 42.2 (C-4), 62.0 (C-6'), 68.2, 68.6, 73.2, 74.3, 75.8 (C- 1', C-2', C-3', C-4', C-
5'), 87.5 (C-5), 154.1 (C-3), 169.4, 169.6, 169.9, 170.5 (4 x COCH 3); mlz (FAB) 
Found: M+1, 470.20267. C 22H32N010 requires M+1 470.20262; and glucose 
derived furoxan (162) (53 mg, 53%). 
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3.5.1.3 Methyl 	 5,6-Dideoxy-2,3-0-isopropylidene-a-D-Iyxo-hex-5- 
enofuranoside (109) 
OAc 	 Reaction of glucose derived 
13( 	 N 	0 
oxime (116) (100 mg, 0.27 mmol, 
cO 	 ''OMe 
OAc 	 1 eq) with lyxo-alkene (109) (204 
157,158 —X 
	mg, 1.02 mmol, 4 eq) was carried 
out according to the general 
procedure. The crude reaction mixture was purified by dry flash chromatography 
(ether/hexane). The first compounds eluted, obtained as an oil, were identified as an 
inseparable mixture of (5R)- and (5 S)-5-( 1 -methyl-2,3 -O-isopropylidene-a-D-lyro-
tetrofuranos-4-yl)-3 -(2,3 ,4,6-tetra-O-acetyl-13-D-glucopyranosyl)-2-isoxazolines 
(157) and (158) (68 mg, 45%, 79:21 ratio determined by 1 H NMR); assignments for 
major (5R) isomer: 8H (360 MHz, CDC1 3) 1.27, 1.43 (6H, 2 x s, C(CH 3)2), 1.98, 1.98, 
2.00, 2.03 (12H, 4 X S, 4 X COCH3), 3.06 (1H, dd, J5,6a  8.6,  J6a,6b  17.5, 6a-H), 3.14 
(1H, dd, J5,6b  11.6,  J6a,6b  17.5, 6b-H), 3.28 (3H, 5, OCH3), 3.72 (1H, ddd, j1213a  2.4, 
12,13b 4.8, J1112 10.01  12-H), 3.97 (1H, dd, J34 3.6, J45 6.4, 4-H) 5 4.11 (111, dd, J12,13a 
2.4, J13,13b  12.4, 13a-H), 4.18 (1H, dd, 12I3b  4.8, J13a,13b  12.4, 13b-H), 4.32 (1H, d, J89 
10.0, 8-H), 4.53 (1H, dd, J12 0.0, J23 5.9, 2-H), 4.72 (1H, dd, J34 3.6, J23 5.9, 3-H), 
4.84 (1H, ddd, J45 6.4, J5,6a  8.65  J5,6b  11.65 5-H), 4.87 (1H, d, J12 0.0 5  1-H), 5.01-5.09 
(2H, m, 9-H, 11-H), 5.27 (1H, dd, J910 9.5, J1011 9.5, 10-H); & (63 MHz, CDC1 3) 
20.4, 20.5, 20.6 (4 x COCH3), 24.3, 25.6 (C(CH 3)2), 35.3 (C-6), 54.5 (OCH 3), 61.9 
(C-13), 68.2, 68.7 (C-9, C- 11), 73.1, 73.7, 75.8, 78.2, 79.1, 79.1, 84.7 (C-2, C-3, C-4, 
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C-5, C-8, C-b, C-12), 107.1 (C-i), 112.6 (C(CH 3)2), 155.8 (C-7), 169.4, 169.7, 
169.9, 170.4 (4 x COCH 3); mlz (FAB) Found: M+i, 574.21337. C25H36N0, 4 
requires M+i 574.21358. The second compound eluted, which was obtained as a 
white solid, was identified as glucose derived furoxan (162) (42 mg, 42%) by 
comparison with an authentic sample. 
3.5.1.4 5,6-dideoxy-1 ,2-O-isopropylidene-cx-D-xylo-hex-5-enofuranose (106) 
OAc 





Glucose derived oxime (116) 
(100 mg, 0.27 mmol, 1 eq) and 
xylo-alkene (106) (200 mg, 
1.08 mmol, 4 eq) were reacted 
according to section 3.5. Separation by dry flash chromatography gave a 
diastereomeric pair of isoxazolines (164) and (165) (59 mg, 40%, 72:28 ratio 
determined by 'H NMR) and furoxan (162) (26 mg, 26%). The isoxazolines were 
subsequently separated by MPLC (9:1 ether:hexane). The major cycloadduct, which 
was obtained as a semi-crystalline solid, was identified as (5R)-5-(1,2-0-
isopropylidene-a-D-xylo-tetrofuranos-4-yl)-3 -(2,3 ,4,6-tetra-O-acetyl-3-D- 
glucopyranosyl)-2-isoxazoline (164); [a]'8D 104.80 (c = 0.25, CHC13); ö,, (250 MHz, 
CDC13) 1.30, 1.47 (6H, 2 x s, C(CH3)2), 2.00, 2.01, 2.03, 2.08 (12H, 4 x s, 4 x 
COCH3), 3.13 (1H, dd, J5 ,6a  8.1,  J6a,6b  17.5, 6a-H), 3.27 (11-I, dd, J5 ,6b  10.3,  J6a ,6b  17.5, 
6b-H), 3.75 (1H, ddd, 1213a  2.1, J I2l3b 	 10.0 1  12-H), 4.09 (1H, dd, 12,13a  2.1, 
13a,I3b 12.4, 13a-H), 4.12 (1H, dd, J3 ,42.8, J45 8.0, 4-H), 4.23 (1H, dd, J I2I3b 495  J 13a,13b 
12.4, 13b-IT), 4.33 (1H, dd, J23 0.0, J3 ,42.8, 3-H), 4.34 (1H 5 d, J89 9.8, 8-H), 4.53 (1H, 
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dd, J23 0.0, J1 ,23.7, 2-H), 4.82 (1H, ddd, J45 8.0, 5,6a  8.1, J5 ,6b  10.3, 5-H), 5.04 (1H, dd, 
J8 ,9 9 . 8 , J910 9.9, 9-H), 5.08 (1H, dd, J1011 9.9, J1112 10.0 1  11-H), 5.30 (1H, dd, J910 9.9, 
J1011 9.9, 10-H), 5.94 (1H, d, J 12 3.7, 1-H); 8c (63 MHz, CDC1 3) 20.5, 20.5, 20.6 (4 x 
COCH3), 26.0, 26.7 (C(CH 3)2), 36.6 (C-6), 61.8 (C-13), 68.0, 68.8 (C-9, C-1 1), 73.0, 
73.7, 74.6, 75.9, 77.6, 80.9 (C-3, C-4, C-5, C-8, C-b, C-12),85.2 (C-2), 105.0 (C-i), 
111.9 (C(CH3)2), 156.2 (C-7), 169.4, 169.8, 170.0, 170.6 (4 x COCH3); mlz (FAB) 
Found: M+i, 560.19714. C24H34N0 14 requires M+1 560.19793. The minor 
cycloadduct, obtained as an oil contaminated with the major isomer, was identified as 
(5 S)-5-( 1 ,2-O-isopropylidene-a-D-xylo-tetrofuranos-4-yl)-3 -(2,3 ,4,6-tetra-O-acetyl- 
-D-glucopyranosyl)-2-isoxazoline (165); ö (90 MHz, CDC1 3) 20.5, 20.7 (4 x 
COCH3), 26.3, 26.7 (C(cH3)2), 35.9 (C-6), 61.9 (C-13), 68.1, 68.7 (C-9, C-li), 73.4, 
73.4, 75.7, 76.0, 79.3, 80.9 (C-3, C-4, C-5, C-8, C- 1 0 , C-12), 85.4 (C-2), 104.9 (C- 1), 
112.0 (C(CH3)2), 155.1 (C-7), 169.4, 169.8, 170.0, 170.5 (4 x COCH 3). 
3.5.1.5 Norbornene (168) 
Reaction of glucose derived oxime (116) (100 
O 	 mg, 0.27 mmol, 1 eq) with norbomene (168) N 4~,N 
R 	
(127 mg, 1.35 mmol, 5 eq) was carried out 







according to the general procedure 
Separation by dry flash chromatography gave 
trace furoxan (162) (5 mg, 5%) and a pair of 
isoxazolines (169) and (170) (95 mg, 76%, 61:39 ratio estimated by ' 3C NMR). The 
isoxazolines were subsequently separated by MPLC (9:1 ether: hexane). The major 
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exo cycloadduct was obtained as a crystalline solid; mp 156.4-157.0°C; [a]18D  -76.50 
(c = 0.34, CHC13); oH (250 MHz, CDC13) 1.06-1.66 (6H, m, 3 x CH2), 1.99, 2.00, 
2.03, 2.06 (12H, 4 x s, 4 x COCH 3), 2.51 (2H, br s, 2 X CH), 3.15 (111, d, 13 a,4 0.01  
3a,0.2, 3a-H), 3.70 (1H, ddd, 5',6'a  2.5, 5'6'b 4'5' 10.0, 5'-H), 4.13 (1H, dd, 5',6'a 
2.5, 6',6'b  12.3, 6'a-H), 4.24 (1H, dd, 5'6'b  47, 6'a,6'b  12.4, 6'b-H), 4.31 (1H, d, J 1 ' 2 ' 
10.0, 1'-H), 4.45 (111, d, jlla  0.0, j3a7a  8.2, 7a-14), 5.07-5.16 (2H, m, 2'-H, 4'-H), 5.27 
(1H, dd, Jnd  5.8,  J d  12.9, 3'-H); cS (63 MHz, CDC1 3) 20.5, 20.6 (4 x COCH 3), 22.6 
(C-8), 27.0 (C-6), 32.2 (C-5), 39.2 (C-4), 42.3 (C-7), 55.8 (C-3a), 61.8 (C-6'), 68.2, 
68.8 (C-2', C-4'), 73.3 (C-3'), 74.3 (C-l'), 75.7 (C-5'), 88.0 (C-7a), 154.3 (C-3), 
169.4, 169.7, 170.0, 170.4 (4 x COCH 3); mlz (FAB) Found: M+1, 468.18692. 
C 12H30N010 requires M+1 468.18697. The minor exo cycloadduct was isolated as an 
oil contaminated with traces of the major isomer; [a] D + 11.1° (c = 0.18, CHC13); 0H 
(250 MHz, CDC1 3) 1.06-1.63 (6H, m, 3 x CH 2), 1.99, 2.00, 2.03, 2.07 (12H, 4 x s, 4 x 
COCH3), 2.49 (2H, br s, 2 x CH), 3.13 (1H, d, J3a,4  o•o,  J3a,7a  8.4, 3a-H), 3.72 (1H, 
ddd, 15',6' a 28, 5',6'b•, 4'5 9.5, 5'-H), 4.12-4.23 (2H, m, 6'a-H, 6'b-H), 4.38 (1H, d, 
J 1 ',2 ' 9.6, l'-H), 4.47 (1H, d, J7,7a  oo,  J3a,7a  8.4, 7a-H), 5.06-5.20 (3H, m, 2'-H, 3'-H, 
4'-H); 8c (63 MHz, CDC1 3) 20.5, 20.6 (4 x COCH3), 22.6 (C-8), 27.2 (C-6), 32.1 (C-
5), 39.2 (C-4), 42.1 (C-7), 56.5 (C-3a), 61.9 (C-6'), 68.0, 69.3 (C-2', C-4'), 73.7, 
74.2 (C- V, C-3'), 75.9 (C-5'), 87.6 (C-7a), 154.5 (C-3), 169.2, 169.4, 170.1, 170.4 (4 
x COCH3); mlz (FAB) Found: M+1, 468.18536. C 22H30N0 10 requires M+1 
Ir',1j 
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3.5.1.6 Attempted Cycloaddition to Dimethyl Acetylenedicarboxylate (171) 
OAc 	Reaction of glucose derived oxime (116) (100 mg, 0.27 47 
0 
AcO =N mmol, 1 eu with DMAD (171) (192 mg, 1.35 mmol, 5 
OAc 	eq) was carried out according to section 3.5. Both t.l.c 
172 
and crude 'H NMR of the oil obtained proved inconsistent with the expected 
products. Purification by dry flash chromatography gave a solid which was 
identified as a Ca. 90% yield of 3,4,5,7-tetra-O-acetyl-2,6-anhydro-D-glycero-D-
gulo-heptononitrile (172); mp 115.8-116.4°C (lit. 162 114-115°C); o max/Cm 1  (mull) 
2116 (CN); [a] ' 8D +12.5° (c = 0.4, CHC13); oH (250 MHz, CDC1 3) 2.00, 2.01, 2.08 
(12H, 4 x s, 4 x COCH3), 3.69 (111, ddd, 6,7a  2.3, 6,7b  47, 7a,7b  12.7, 6-H), 4.11 (1H, 
dd, 6,7a  2.3, J7a,7b  12.7, 7a-H), 4.21 (1H, dd, 670 7a,7b 12.7, 7b-H), 4.31 (1H, d, J 23 
10.1, 2-H), 5.07 (1H, dd, J 45 9.2, J56 9.7, 5-H), 5.15 (1H, dd, J45 9.2, J34 9.5, 4-H), 
5.28 (1H, dd, J34 9.5, J23 10.1, 3-H); o (63 MHz, CDC1 3) 20.2, 20.3, 20.5 (4 x 
COCH3), 61.3 (C-7), 66.3 (C- 1), 67.1 (C-4), 68.8 (C-2), 72.7 (C-3), 76.7 (C-5), 114.0 
(C- 1), 168.6, 169.0, 169.9, 170.3 (4 x COCH 3); m/z (FAB) Found: M-i-1, 358.11398. 
C 15H20N09 requires M+1 358.11381. 
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3.5.2 	Cycloaddition of 3,4,5,7-Tetra-0-acetyl-3-D-galactopyranosyl-1-nitrile 
Oxide (101) to Selected Dipolarophiles 





Galactose derived oxime (117) (100 mg, 0.27 
mmol, 1 eq) and methylenecyclohexane (130 
mg, 1.35 mmol, 5 eq) were reacted according 
to the general procedure. Separation by 
chromatography gave, in order of elution, 5-(spirocyclohexyl)-3 -(2,3 ,4,6-tetra-O-
acety1-3-D-galactopyranosyl)-2-isoxazoline (134) (47 mg, 38%); mp 67.2-70.1°C; 
[a] '8D -20.00 (c = 1.0, CHC1 3); 6H (250 MHz, CDC13) 1.38-1.75 (1011, br m, 1"a-H, 
1"b-H to 5"a-H, 5"b-H), 1.95, 1.99, 2.01, 2.13 (12H, 4 x s, 4 x COCH3), 2.71 (1H, d, 
4a,4b 17.1, 4a-H), 2.81 (1H, d, J4a,4b  17.1, 4b-H), 3.94 (1H, ddd, 46'a  nd, 5'6'b  nd, J4 ' 5 . 
1.2, 5'-H), 4.05-4.08 (2H, m, 6'a-H, 6'b-H), 4.26 (1H, d, J 1 . 2 9.5, 1'-H), 5.08 (1H, 
dd, J3 . 4 ' 3.3, i2 ' 3 ' 10.1, 3'-H), 5.19 (1H, dd, J12 ' 9.5, J2 ' 3 10.1 1  2'-H), 5.43 (111, dd, 
J4 ',5 ' 1.2, J3 ' 4 ' 3.3, 4'-H); E (63 MHz, CDC1 3) 20.4, 20.5 (4 x COCH 3), 23.1, 23.2, 
24.8, 36.1, 36.5 (C-l", C-2", C-3", C-4", C-5"), 42.3 (C-4), 61.3 (C-6'), 65.9, 67.2, 
71.2, 74.3, 74.6 (C- V, C-2', C-3', C-4', C-5'), 87.3 (C-5), 154.3 (C-3), 169.8, 169.9, 
170.0, 170.3 (4 x COCH 3); mlz (FAB) Found: M+1, 470.20227. C 22H32N0 10 
requires M+1 470.20262; and galactose derived furoxan (163) (55 mg, 55%) which 
was identified by comparison to an authentic sample (Section 3.5.3.1). 
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3.5.2.2 5,6-dideoxy-1 ,2-O-isopropylidene-a-D-xylo-hex-5-enofuranose (106) 
Ac 
Cycloaddition 	of 	galactose 
derived oxime (117) (89 mg, 0.24 
mmol, 1 eci) to xyloalkene (106) 
HO 
166,167 
(180 mg, 0.96 mmol, 4 eq) was 
carried out according to the general procedure. Removal of the excess alkene by dry 
flash chromatography gave a pair of (5R)- and (5S)-5-(1,2-O-isopropylidene-a-D-
xylo-tetrofuranos-4-yl)-3 -(2,3 ,4,6-tetra-O-acetyl--D-galactopyranosyl)-2-
isoxazolines (166) and (167) (47 mg, 36%, 75:25 ratio determined by 'H NMR), 
together with furoxan (163) (29 mg, 33%). Further chromatography gave a small 
quantity of the major (5R) adduct as an oil; 6 H (250 MHz, CDC1 3) 1.29, 1.46 (611, 2 x 
S, C(CH02), 1.97, 2.01, 2.02, 2.14 (1211, 4 X 5, 4 X COCH3), 3.16 (1H, dd, J5,6a  8.1, 
6a,6b 17.6,6a-H), 3.31 (1H, dd, J5,6b  10.4, 6,,,6b  17.6, 6b-H), 3.96 (1H, ddd, JI J2 nd, 
I2,13a nd, J12,13bnd,  12-H), 4.06-4.16 (3H, m, 3-H, 13a-H, 13b-H), 4.32 (111, d, J8,9 9 . 3 , 
8-H), 4.32-4.34 (1H, dd, J 34 nd, J45 8.0, 4-H), 4.52 (111, dd, J23 0.01  J12  3.6, 2-H), 
4.83 (111, ddd, J4 , 5 8.0, J5,6a  8.1,  J5,6b  10.4, 5-H), 5.10 (1H, dd, J 1011 3.2, J910 10.1, 10-
H), 5.20 (11-1, dd, J8,99.4,  J910 10. 1, 9-H), 5.45 (1H, dd, JI 1,12nd, J, 01 , 3.2, 11-H), 5.92 
(1H, d, J 12 3.6, 1-H); O (63 MHz, CDCI 3) 20.5, 20.5 (4 x COCH3), 26.1, 26.7 
(C(CH3)206.7 (C-6),61.4 (C-13),66.1, 67.2, 71.0, 73.9, 74.3, 74.4, 77.5, 80.8 (C-3, 
C-4, C-5, C-8, C-9, C-b, C-li, C-12), 85.2 (C-2), 105.0 (C-i), 111.8 (C(CH 3)2), 
156.5 (C-7), 169.9, 170.0, 170.1, 170.3 (4 x COCH3); mlz (FAB) Found: M+1, 
560.19808. C241134N0,4 requires M+1 560.19793 
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3.5.3 	Nitrile Oxide Dimerisation Reactions 
The two nitrile oxides employed were generated from their corresponding 
oximes (116) and (117) in situ, but in the absence of a dipolarophile. The general 
conditions used were as outlined below. 
General Procedure. 	A solution of triethylamine (2 drops, catalytic) in 
dichioromethane (10 cm') was cooled to 0°C and aqueous sodium hypochlorite (0.4 
cm') added. The oxime in dichioromethane (2 cm') was added dropwise with 
vigorous stirring and the two phase mixture allowed to stir overnight. After the 
reaction was complete the organic layer was separated and the aqueous layer 
extracted with dichioromethane (2 x 10 cm'). The combined organics were washed 
with water (2 x 10 cm') and dried (MgSO 4). The solvent was removed in vacuo and 
the almost pure product obtained purified by recrystallisation or dry flash column 
chromatography (ether I hexane). 
3.5.3.1 Dimerisation of 3,4,5,7-Tetra-0-acetyl--D-glucopyranosyl-1-nitrile 
Oxide (100) 
Glucose derived oxime (116) (60 mg, 
AcO '  
AcO' 
N '" YOAC 
11>) 
	
"OAc 	 "OAc 
OAc 162 	6 
0.16 mmol) was reacted according to 
the conditions outlined in the general 
procedure. T.l.c of the crude reaction 
mixture indicated a single spot. 
Removal of the solvent in vacuo gave a white solid, which was recrystallised from 
ether/hexane to afford 3 ,4-di-(2,3 ,4,6-tetra-O-acety3-D-glucopyranosyl)- 1,2,5 - 
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oxadiazole-2-oxide (162) as fine white needles (53 mg, 88%); mp 117.5-120.1°C; 
[a] lsD 4O4o (c = 0.74, dC13); 8H (360 MHz, (CD3)2C0) 1.94, 1.95, 2.00, 2.05, 2.06, 
2.08, 2.14, 2.15 (24H, 9 x s, 8 x COCH 3), 4.18-4.22 (2H, m, 6'b-H, 6"b-H), 4.27 
(2H, m, 5'-H, 5"-H), 4.46-4.54 (2H, m, 6'a-H, 6"a-H), 5.16 (1H, d, J 1 ' 2. 10.0 1  1'-H), 
5.22 (1H, d, J 1 " 2" 10.0 1  1"-H), 5.33 (1H, dd, J3 ' 4 ' 9.3, J4 . 5 ' 10.1, 4'-H), 5.36 (1H, dd, 
J3" 4" 9.3, J4" 5" 10. 1, 4"-H), 5.53 (2H, dd, J2 ' 3 ' 9.3, J2" 3" 9.3, J3 ' 4 ' 9.3, J3",4"9.3,  3'-H, 3"-
H), 5.64 (1H, dd, J 1 " 2" 10.0 1  J2" 3" 9.3, 2"-H), 5.65 (1H, dd, J 1 ' 2 ' 10.0 1  J2',3 ' 9.3, 2'-H); 
(63 MHz, (CD3)2C0) 18.6, 18.7, 18.8, 18.8, 19.1, 19.1 (8 x COçH 3), 60.9 (C-6', 
C-6"), 66.9, 67.0 (C-4', C-4"), 68.9, 69.0 (C-2', C-2"), 69.6 (C- V), 71.7 (C- 1"), 72.6, 
72.7 (C-3', C-3"), 75.4, 75.5 (C-5', C-5"), 111.6 (C-3), 153.4 (C-4), 168.0, 168.1, 
168.6, 168.6, 169.2 (8 x COCH3); mlz (FAB) - 687 (M-60)+l; mlz (FAB) Found: 
M+1, 747.20936. C30H39N2020 requires M+l 747.20962. 





AcO 	 'OAc OAc 
OAc 163 	6L OAc 
Dimerisation of galactose derived 
oxime (117) (58 mg, 0.16 mmol) was 
carried out as above. Evaporation of 
the solvent gave a white solid, which 
was recrystallised from ether/hexane 
to give 3 ,4-di-(2,3 ,4,6-tetra-O-acetyl-3-D-ga1actopyranosyl)- 1,2,5 -oxadiazole-2- 
oxide (163) as a white solid (52 mg, 90%); mp 166.8-168.1°C; [a]' 8D —6.4° (c = 0. 14, 
CHC13); 8H  (250 MHz, CDCI 3) 1.96, 1.97, 1.98, 1.99, 2.03, 2.04, 2.21, 2.22 (2411, 9 x 
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s, 8 x COCH 3), 4.03-4.24 (6H, m), 4.79, 4.82 (2H, 2 x d, J 1 . 2 . 10.0 1  J 1 " 2" 10.0 1  1'-H, 
1"-H), 5.12-5.19 (2H, m), 5.47-5.66 (4H, m); & (63 MHz, CDC1 3) 20.3, 20.4, 20.5 (8 
X COCH3), 61.1 (C-6', C-6"), 65.7, 66.7, 67.0, 67.1, 70.6, 71.5, 72.7, 75.0, 75.1 (C-
1', C-2', C-3', C-4', C-5', C-I", C-2", C-3", C-4", C-5"), 111.5 (C-3), 153.0 (C-4), 
169.0, 169.3, 169.8, 169.9, 170.2 (8 x cOCH3); mlz (FAB) - 748 (M+2); mlz (FAB) 
Found: (M-(NO) 2)+1, 687.21371. C30H39018 requires (M-60)+1 687.21364. 
211 
3.6 	Nitrile Oxide Cycloadditions: Dehydrochlorination of Pyranosyl 
Hydroximoyl Chloride (118) 
The title compound was studied under dimerisation conditions as well as 
reaction with selected dipolarophiles. The nitrite oxide was generated in situ from 
hydroximoyl chloride (118) by dehydrochlorination using triethylamine. The general 
conditions used were as outlined below. 
General Procedure. A solution of triethylamine (1.1 eq) in dry ether (3 cm') was 
added via a syringe pump to an ice-cooled, stirred solution of dipolarophile (5 eq) 
and hydroximoyl chloride (118) (1 eq) in dry ether (10 cm'), over a period of 24 
hours. The solution was stirred for a further 2 hours and then added to water (20 
cm'). The mixture was extracted with ether (3 x 20 cm'), the combined organics 
washed with water (2 x 20 cm') and dried (MgSO 4). Removal of the solvent in vacuo 
afforded a crude oil which was subsequently purified. 










Reaction of hydroximoyl chloride (118) 
(60 mg, 0.15 mmol, 1 eq) with DMAD 
(171) (107 mg, 0.75 mmol, 5 eq) was 
carried out according to the general 
procedure. Dry flash chromatography gave furoxan (162) (3 mg, 6%) and dimethyl 
3 -(2,3 ,4,6-tetra-O-acetyl--D-glucopyranosy1)-isoxazole-4,5-dicarboxylate (173) as a 
white solid (55 mg, 73%); mp 136.8-137.6°C; [a]'8D 15.40 (c = 0.91, CFIC1 3); 8H 
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(250 MHz, CDC13) 1.92, 2.01, 2.03, 2.06 (12H, 4 x s, 4 x COCH 3), 3.83 (1H, ddd, 
J5',6 , ,, 2 . 1, 5',6'b  5.0, J4 ' 5 ' 10.0, 5'-H), 3.93, 3.97 (6H, 2 x s, 2 x CO 2CH3), 4.07 (1H, dd, 
15,6 a  2. 1, 6'a,6'b  12.5, 6'a-H), 4.23 (1H, dd, 5',6'b  5.0, 6'a6'b  12.5, 6'b-H), 4.86 (1H, d, 
J,' 2 ' 10.0, 1'-H), 5.14 (1H, dd, J3 ' 4 ' 9.4, J4 . 5 10.0, 4'-H), 5.31 (1H, dd, J 2 ' 3 ' 9.4, J3 ' 4 ' 
9.4, 3'-H), 5.58 (1H, dd, J2 ' 3 ' 9.4, J 1 ' 2 ' 10.0, 2'-H); & (90 MHz, CDCI 3) 20.4, 20.5, 
20.5, 20.6(4 x COCH3), 52.8, 53.4 (2 x CO 2CH3), 61.8 (C-6'), 67.8, 69.5, 72.0, 73.6, 
76.3 (C-l', C-2', C-3', C-4', C-5'), 115.1 (C-4), 156.1 (C-3), 158.7, 160.0, 160.2 (C-
5,2X CO 2CH3), 169.0, 169.2, 170.2, 170.4 (4 x COCH 3); mlz (FAB) Found: M+1, 
516.13624. C21 1-126N0, 4 requires M+1 516.13533. 
3.6.2 	Cycloaddition of Nitrile Oxide (100) to Ethyl Propiolate (174) 
OAc 
	
4OAcO 	 R2 Ac 
OAc 
R 1 
R 1 =H, R2=CO2Et (175) 
R2=H, R 1 =CO2Et (176) 
Hydroximoyl chloride (118) (100 mg, 0.24 
mmol, 1 eq) and ethyl propiolate (174) (120 
mg, 1.22 mmol, 5 eq) were reacted as described 
in section 3.6. Separation by dry flash 
chromatography gave ethyl 3-(2,3 ,4,6-tetra-0- 
acetyl-p-D-glucopyranosyl)-isoxazole-5-carboxylate  (175) and ethyl 3-(2,3,4,6-tetra-
O-acetyl--D-g1ucopyranosy1)-isoxazole-4-carboxy1ate (176) as a inseparable 
mixture of regioisomers (78 mg, 69%, 85:15 ratio of regioisomers determined by 'H 
NMR); assignments for major (5-substituted) isomer: 6 H  (250 MHz, CDCI 3) 1.37 
(3H, t, J 7.1, CH3), 1.91, 1.98, 2.02, 2.05 (12H, 4 x s, 4 x COCH 3), 3.84 (1H, ddd, 
5',ó'a 2.1, 4,60 	J4 ' 5 ' 10.1, 5'-H), 4.11 (1H, dd, 5'6'a  2.1, 6'a6'b  12.5, 6'a-H), 4.25 
(1H, dd, 5',6'b  49, 6'a,6'b  12.5, 6'b-H), 4.39 (2H, q, J 7. 1, CH 2), 4.69 (1H, d, J 1 	10.0 1  
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1'-H), 5.14, 5.15, 5.33 (314, 3 x t, 2'-H, 3'-H, 4'-H), 7.00 (114, s,4-H); & (63 MHz, 
CDC13) 13.9 (0CHH3), 20.3, 20.4, 20.6 (4 x COCH 3), 61.8, 62.3 (C-6', OCH2CH3), 
68.0, 70.1, 72.4, 73.3, 76.2 (C-l', C-2', C-3', C-4', C-5'), 107.4 (C-4), 156.2 (C-3), 
160.8, 161.2 (C-5, CO2Et) 169.2, 169.3, 170.0, 170.5 (4 x COCH3); m/z (FAB) 
Found: M+l, 472.14507. C20H26N012 requires M+1 472.14550. A small quantity 
of the nitrile oxide dimer (162) was also isolated (14 mg, 15%). 
3.6.3 	Dimerisation of 3,4,5,7-Tetra-0-acety1-3-D-g1ucopyranosy1-1-nitri1e 
Oxide (100) 
Hydroximoyl chloride (118) (60 mg, 
O N 	N 	Ac 
AcO 
6" 	
0 	 OAC 
0.14 mmol) was dissolved in dry ether 
(20 cm3) and triethylamine (0.5 cm') 
OA 
~Co
slowly added. The reaction was stirred
OAc 
162 	OAc 
overnight during which a white 
precipitate formed. Water (20 cm') was added and the mixture extracted with ether 
(3 x 20 CM)  . The combined organics were washed with water (2 x 20 cm 3) and dried 
(MgSO4). T.1.c and 1 H NMR of the crude reaction mixture indicated almost pure 
product. Removal of the solvent in vacuo gave 3,4-di-(2,3,4,6-tetra-O-acetyl--D-
glucopyranosyl)- 1 ,2,5-oxadiazole-2-oxide (162) as a white solid (53 mg, 96%); mp 
117.5-120.1°C; [0t]'8D  —40.40 (c = 0.74, CHC13); oH (360 MHz, (CD 3)2C0) 1.94, 1.95, 
2.00, 2.05, 2.06, 2.08, 2.14, 2.15 (24H, 9 x s, 8 x COCH3), 4.18-4.22 (2H, m, 6'b-H, 
6"b-H), 4.27 (2H, m, 5'-H, 5"-H), 4.46-4.54 (2H, m, 6'a-H, 6"a-H), 5.16 (1H, d, J 1 . 2 . 
10.0, 1'-H), 5.22 (1H, d, J 1 ,, 2, 10.0 1  1"-H), 5.33 (114, dd, J 3 ' 4 . 9.3, J4' 5 ' 10. 1, 4'-H), 
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5.36 (1 H, dd, J3" 4" 9.3, J4" 5" 10. 1, 4"-H), 5.53 (2H, dd, J2 ' 3 ' 9.3, J2" 3" 9.3, J3 ' 4 ' 9.3, J3 .' 4" 
9.3, 3'-H, 3"-H), 5.64 (1H, dd, J 1 " 2" 10.01 J2",3"9.3,  2"-H), 5.65 (1H, dd, J 1 ' 2 ' 10.0 1  J2 ' 3 ' 
9.3, 2'-H); 8c (63 MHz, (CD3)2C0) 18.6, 18.7, 18.8, 18.8, 19.1, 19.1 (8 x COCH 3), 
60.9 (C-6', C-6"), 66.9, 67.0 (C-4', C-4"), 68.9, 69.0 (C-2', C-2"), 69.6 (C-l'), 71.7 
(C-I"), 72.6, 72.7 (C-3', C-3"), 75.4, 75.5 (C-5', C-5"), 111.6 (C-3), 153.4 (C-4), 
168.0, 168.1, 168.6, 168.6, 169.2 (8 x COCH 3); mlz (FAB) - 687 (M-60)+1; mlz 
(FAB) Found: M+1, 747.20936. C 30H38N2020 requires M+1 747.20962. 
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3.7 	Deacetylation Reactions 
The isoxazolines (134), (141), (149) and the glucose derived furoxan (162) 
were deacetylated using the general procedure outlined below. 
General Procedure. The peracetylated compound was dissolved in methanol and 
treated with a saturated solution of ammonia in methanol. Stirring overnight gave 
the corresponding deacetylated product which was isolated and characterised. 
3.7.1 	Deprotection 	of 	5-(spirocyclohexyl)-3-(2,3,4,6-tetra-O-acety1--D- 
galactopyranosyl)-2-isoxazoline (134) 
HO OH 	 Methylenecyclohexane adduct (134) (50 mg, 
6 	 N 	0 
0 	
ill 	
0.11 mmol) in methanol (10 cm 3) was treated 
HO 	
1' 
OH 	 with a saturated ammonia solution in methanol 
180 
(10 cm') and stirred overnight. T.l.c indicated 
the absence of starting material and a more polar product. The reaction mixture was 
concentrated in vacuo and coevaporated with methanol (3 x 10 cm') to yield 5-
(spirocyc1ohexyl)-3-(-D-galactopyranosyl)-2-isoxazoline (180) as an oil (30 mg, 
95%); 8H  (200 MHz, D20) 1.36-1.56 (10H, br m, 1"H to 5"H), 2.63 (114, d, 4a, 4b 
17.1, 4a-H), 2.73 (1H, d, J4a,4b  17.1, 4b-H), 3.29-3.83 (711, m, 1'-H, 2'-H, 3'-H, 4'-H, 
5'-H, 6'a-H, 6'b-H), 4.13 (4H, br s, 4 x OH); ö (63 MHz, D 20) 23.1, 23.2, 24.8, 
35.8, 35.9 (C-l", C-2", C-3", C-4", C-5"), 42.8 (C-4), 60.9 (C-6'), 68.0, 68.8, 74.3, 
75.7, 79.6 (C-l', C-2', C-3', C-4', C-5'), 85.7 (C-5), 157.0 (C-3); m!z (FAB) - 302 
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The title isoxazoline (149) (105 
mg, 0.16 mmol) was dissolved 
in methanol (10 cm 3) and 
treated with a saturated 
ammonia solution in methanol (10 CM)  . After stirring overnight t.l.c indicated 
complete reaction. The reaction mixture was concentrated in vacuo and 
coevaporated with methanol (3 x 10 cm') to yield (5R)-5-(l,2-O-isopropylidene-a-D-
xylo-tetrofuranos-4-yl)-3-(-D-glucopyranosyl)-2-isoxazo1ine (181) as an oil (60 mg, 
96%); [0C]' 80 -111.5° (c = 0.52, H20); oH  (360 MHz, D20) 1.25, 1.40 (6H, 2 x s, 
C(CH3)2), 3.15-3.19 (2H, m, 6a-H, 6b-H), 3.34-3.46, 4.13-4.16 (511, 2 x m, 8-H, 9-H, 
10-H, 11-H, 12-H), 3.62 (1H, dd, J 12,13a  53, L3a,13b  12.4, 13a-H), 3.78 (1H, dd, J 12 , 13b 
1.9, J 13a, 13b  12.4, 13b-H), 4.21-4.23 (2H, m, 3-H, 4-H), 4.60 (1H, dd, J 23 0.0, J, 2 3.6, 
2-H), 4.83 (1H, ddd, 5-H), 5.95 (1H, d, J, 2 3.6, 1-H); O, (90 MHz, D 20) 25.0, 25.5 
(C(CH3)206.0 (C-6), 60.7 (C-13), 69.3, 70.9, 73.4, 74.4, 76.9, 77.5, 79.9, 80.5, 84.6 
(C-2, C-3, C-4, C-5, C-8, C-9, C-b, C-il, C-12), 104.6 (C-l), 112.8 (C(CH 3)2), 
159.0 (C-7); mlz (FAB) Found: M+1, 392.15660. C 16H26N0 10 requires M+1 
392. 15567. 
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Isoxazoline (141) (50 mg, 0.08 
mmol) was dissolved in methanol 
(10 cm3) and treated with a 




methanol (10 cm'). After stirring overnight, the absence of starting material and 
appearance of a more polar product was confirmed by t.l.c. The reaction mixture was 
co-evaporated with methanol (3 x 10 cm') to yield (5R)-5-(1,2-O-isopropylidene-a-
D-xylo-tetrofuranos-4-yl)-3-(3-D-galactopyranosyl)-2-isoxazoline (182) as an oil (30 
Mg, 90%); [a]18D  -84.6° (c = 0.52, 1120); 8H  (360 MHz, D20) 1.25, 1.40 (611, 2 x s, 
C(CH3)2), 3.15-3.21 (2H, m, 6a-H, 6b-H), 3.58-3.71 (5H, m, 8-H, 9-H, 10-H, 11-H, 
12H), 3.88 (1H, dd, L2,13a  3.1, J13a,13b  15.0, 13a-H), 4.11 (1H, dd, J12,13b  9.6,  J13a,13b 
15.0, 13b-H), 4.21-4.24 (211, m, 3-H, 4-H), 4.61 (1H, dd, J 23 0.0 1  J12 3.6, 2-H), 4.84 
(111, ddd, 5-H), 5.95 (111, d, J 12 3.6, 1-H); ö (90 MHz, D20) 25.4, 25.9 (C(CH3)2), 
36.4 (C-6), 61.6 (C-13), 68.4, 69.3, 73.8, 73.9, 75.3, 77.9, 79.5, 80.9, 85.0 (C-2, C-3, 
C-4, C-5, C-8, C-9, C-10, C-li, C-12), 105.0 (C-i), 113.2 (C(CH 3)2), 159.3 (C-7); 
mlz (FAB) Found: M+1, 392.15460. C 16H26N0 10 requires M+1 392.15567. 
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3.7.4 	Deprotection of 3,4-di-(2,3,4,6-tetra-0-acety1-3-D-g1ucopyranosy1)- 
1,2,5-oxadiazole-2-oxide (162) 
- 	 The title furoxan (162) (30 mg) was 
N " W OH 
" OH
OH 
dissolved in methanol (10 cm 3) and 
HO
treated with a saturated ammonia 
OH 
solution in methanol (10 cm3). After 
183 OH stirring overnight t.l.c indicated the 
absence of starting material and a more polar product. The reaction mixture was 
concentrated in vacuo and coevaporated with methanol (3 x 10 cm'). 'H NMR of the 
crude reaction mixture indicated a near quantitative yield of 3,4-di-(-D-
glucopyranosyl)-1,2,5-oxadiazole-2-oxide (183) as an oil (15 mg, 91%); [ct] '8D 
35•70 (c = 0. 14, 1120); oH (250 MHz, D20) 3.36-3.70, 3.83-4.01 (12H, 2 x m, 2'-H, 
3'-H, 4'-H, 5'-H, 6'a-H, 6'b-H, 2"-H, 3"-H, 4"-H, 5"-H, 6"a-H, 6"b-H), 4.56, 4.60 
(2H, 2 x d, J, 2' 10.01  J,'. 2 .' 10.0 1  1'-H, 1"-H); & (90 MHz, D 20) 61.4, 61.4 (C-6', C-
6"), 69.9, 70.0, 70.7, 71.8, 72.5, 74.5, 77.2, 77.2, 80.9, 81.1 (C- 1', C-2', C-3', C-4', 
C-5', C-P, C-2", C-3", C-4", C-5"), 115.4 (C-3), 156.0 (C-4); mlz (FAB) Found: 
M+1, 41l.12501. C,4H23N20, 2 requires M+i 411.12510. 
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3.8 	Reductive Hydrolytic Cleavage of 2-Isoxazolines to —Hydroxy Ketones 
A -hydroxy ketone was prepared from isoxazoline (149) by Raney-Nickel 
catalysed hydrogenolysis. 




143 	 0 OH 




The isoxazoline (149) (30 mg, 
0.05 mmol, 1 eq), Ra-Ni (3 
spatula tips) and boric acid (20 
mg, 0.3 mmol, 6 eq) were 
stirred in methanol (5 cm3) and water (1 cm'). THF (ca. 3 cm') was added dropwise 
until the solid present dissolved. The solution was degassed with a water pump and 
flushed several times with hydrogen before leaving to stir vigorously under a 
hydrogen atmosphere (H 2 filled balloon). The reaction was monitored by t.l.c and 
after all the starting material had been consumed (Ca. 24-48 his) the solution was 
filtered through a celite pad and the solvent removed in vacuo. Methanol was added 
and evaporated off several times to remove any remaining boric acid as the volatile 
trimethyl borate ester. The product, which was obtained as an oil, was identified as 
8,1 2-anhydro-3 -O-benzoyl-6-deoxy- 1 ,2-O-isopropylidene-9, 10,11,13 -tetra-O-acetyl-
a-D-glycero-D-gulo-D-gluco-7-trideco- 1 ,4-fitranosulose (184) (18 mg, 60%); 
umax/cm 1  (mull) 3497 (OH); [a]' 8D +15.20 (c = 0.20, CHC13); oH (360 MHz, CDC13) 
1.3 7, 1.60 (6H, 2 x s, C(CH0 2), 2.02, 2.04, 2.07, 2.14 (12H, 4 x s, 4 x COCH 3), 2.93 
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(1H, dd, J5,62, 8 . 6, 6a,6b 18.2, 6a-H), 3.22 (1H, dd, j56b  2.0, J6a,6b  18.2, 6b-H), 3.75 (1H, 
ddd, jl213a  21, I2I3b  4.8, J1112 10.2, 12-H), 3.87 (1H, d, J89 10.0, 8_H), 4.20 (1H, dd, 
h12 , 13a  2.1, J13a,13b  12.4, 13a-H), 4.26-4.32 (3H, m, 4-H, 5-H, 13b-H), 4.71 (1H, dd, J23 
0.0 1  J12 3.7,2-H), 5.08-5.15 (2H, m, 9-H, il-H), 5.28 (1H, dd, J910 9.4, J1011 9.4, 10-
H), 5.59 (1H, dd, J23 0.0 1 J3,4 2 . 3 , 3-H), 6.01 (1H, d, J1,23.7,  1-H), 7.48-7.52 (2H, m, 2 
x Ph CH), 7.62-7.66 (1H, m, Ph CH), 8.08-8.10 (2H, m, 2 x Ph CH); 8 c (63 MHz, 
CDC13) 20.5, 20.5, 20.7 (4 x COCH3), 26.1, 26.6 (C(CH 3)2), 42.4 (C-6), 61.9 (C-13), 
64.3 (C-5), 68.0, 68.5, 73.2, 75.9, 76.2, 81.0, 81.2, 83.3 (C-2, C-3, C-4, C-5, C-8, C-
9, C-10, C- 11, C-12), 104.8 (C- 1), 112.2 (C(CH 3)2), 128.4 (2 x Ph CH), 129.0 (Ph 
quat), 129.8 (2 x Ph CH), 133.6 (Ph CH), 165.7 (COPh), 169.3, 169.6, 170.0, 170.6 
(4 x COCH3), 205.3 (C-7); mlz (FAB) Found: M+1, 667.22347. C 24H34N014 
requires M+1 667.22381. Traces of a more polar band was also present which 
stained with ninhydrin, but appeared to decompose rapidly and was probably a 
mixture of 'y-amino alcohols (185). 
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Table 1. Crystal data and structure refinement for xaml33. 
A. CRYSTAL DATA 
Empirical formula C17 H26 N 010.50 
(C15 R21 Ni 010)4.2(Et2 0) 
Formula weight 412.39 
Wavelength 0.68900 A 
Temperature 150(2) 	K 
Crystal system Orthorhombic 
Space group P 2(l) 	2(l) 	2 
Unit cell dimensions a = 13.9162(5) A alpha = 90 deg. 
b = 27.2499(8) A beta = 90 deg. 
C = 5.5151(2) 	A gamma = 90 deg. 
Volume 2091.41(12) 	A'3 
Number of reflections for cell ? 	(? .c theta < ? deg.) 
Z 4 
Density (calculated) 1.310 Mg/m'3 
Absorption coefficient 0.110 mm'-1 
F(000) 876 
DATA COLLECTION 
Crystal description 	 Colourless needle 
Crystal size 	 0.4 x 0.08 x 0.08 mm 
Theta range for data collection 2.03 to 29.49 deg. 
Index ranges 	 -19<=hc=14, -32<=k<=37, -7<=l<=7 
Reflections collected 	 12632 
Independent reflections 	 5740 (R(int) = 0.07431 
Scan type 
Absorption correction 	 Sadabs (Tmin= 0.4453, Tmax=1.0000) 
SOLUTION AND REFINEMENT. 
Solution 	 direct (SHELXS-97 (Sheidrick, 1990)) 
Refinement type 	 Full-matrix least-squares on F'2 
Program used for refinement 	SHEL-97 
234 
Hydrogen atom placement 
Hydrogen atom treatment 
Data / restraints / parameters 
Goodness-of-fit on P'2 
Conventional R (F>4sigma(F)] 
Weighted R (F'2 and all data) 
Absolute structure parameter 
Extinction coefficient 





Rl = 0.0862 [3804 data] 





ca].c w=l/(\ s 2A(Fo 2A) + (0.1277P)2 +0.0000P1 where 
Largest diff. peak and hole 	0.576 and -0.631 e.A-3 
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Table 2. Atomic coordinates ( x 10'4), equivalent isotropic 
displacement parameters (A2 x 103) and site occupancies for xam133. 
U(eq) is defined as one third of the trace of the orthogonalized 
TJij tensor. 
x y z TJ(eq) 0cc 
C(1) 2507(2) 979(1) 8079(7) 28(1) 1 
N(1A) 1913(2) 672(1) 7213(7) 40(1) 1 
0(1B) 1163(2) 590(1) 8811(6) 52(1) 1 
C(2) 3344(2) 1121(1) 6554(6) 23(1) 1 
C(3) 3257(2) 1651(1) 5628(6) 20(1) 1 
 2488(2) 1670(1) 3866(4) 22(1) 1 
C(3B) 1625(2) 1827(1) 4618(6) 23(1) 1 
 1468(2) 1957(1) 6691(4) 30(1) 1 
C(3C) 905(2) 1815(1) 2622(6) 32(1) 1 
C(4) 4155(2) 1806(1) 4292(5) 19(1) 1 
 4136(2) 2331(1) 4063(3) 22(1) 1 
C(48) 4138(3) 2537(1) 1811(5) 24(1) 1 
 4150(2) 2293(1) -27(4) 39(1) 1 
C(4C) 4126(2) 3078(1) 1950(6) 26(1) 1 
C(5) 5063(2) 1674(1) 5690(6) 19(1) 1 
0(5A) 5842(2) 1719(1) 3939(4) 22(1) 1 
0 (SB) 6784 (2) 2201(l) 6663 (4) 29(l) 1 
C(5B) 6653(2) 1948(1) 4612(6) 20(1) 1 
C(5C) 7354(2) 1967(1) 2584(6) 28(1) 1 
C(6) 5040(2) 1150(1) 6657(6) 21(1) 1 
0(6A) 4182(2) 1079(1) 8025(4) 23(1) 1 
C(7) 5881(2) 1070(1) 8353(6) 24(1) 1 
 5843(2) 575(1) 9227(5) 32(1) 1 
C(7B) 6540(3) 457(1) 10834(8) 35(1) 1 
 7154(3) 735(1) 11386(8) 69(1) 1 
C(7C) 6416(3) -45(1) 11841(9) 48(1) 1 
C(1ZA) 6292(7) 5608(4) 3750(20) 76(3) 0.70 
C(1ZB) 5986(13) 5675(6) 4490(30) 49(4) 0.30 
C (2Z) 5606 (5) 5316 (2) 5643 (14) 83 (2) 1 
0(3Z) 5000 5000 4209(10) 53(1) 1 
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C(4B) -0(43) 1.213(4) 









0(7A) -C(7B) 1.353(4) 
C(7B)-0(73) 1.180(5) 




















C (4B) -0 (4A) -C (4) 119.3(2) 
0(48) -C(4B)-0(4A) 122.4(3) 
0(4B) -C(4B)-C(4C) 126.3(3) 





0(5B) -C(58) -O(5A) 122.8(3) 
0(5B) -C(5B)-C(5C) 126.0(3) 
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0(7A)-C(7)-C(6) - 	 108.4(3) 
C(7B)-O(7A)-C(7) 114.7(3) 
0(7B) -C(7B)-O(7A) 122.4(3) 
0(7B) -C(7B) -C(7C) 12S.3(4) 
0(7A) -C(7B) -C(7C) 112.30) 
C(1ZB) -C(2Z) -O(3Z) 115.2 (10) 
C(1ZS)-C(2Z)-C(1zA) 20.5(9) 
O OZ) -C(2Z)-C(1ZA) 106.5(6) 
C(2Z) -O(3Z) -C (2Z) *1 113.5(7) 
Symmetry transformations used to generate equivalent atoms: 
#1 -x+1,-y+1,z 
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Table 4. Anisotropic displacement parameters (A'2 x 10'3) for xaml33. 
The anisotropic displacement factor exponent takes the form: 
-2pi2 (h2 a*'2U11 + ... +2hka*b*U12] 
011 	022 	033 	023 	013 	012 
 25(2) 37(2) 21(2) 6(1) 2(1) 0(1) 
N(1A) 28(2) 50(2) 42(2) 15(2) 0(2) -11(1) 
0(18) 46(2) 79(2) 33(2) 3(2) 8(1) -21(2) 
 21(1) 33(2) 14(2) -1(1) -3(1) -2(1) 
 17(1) 32(2) 10(1) -4(1) -2(1) 0(1) 
0(3A) 18(1) 44(1) 5(1) -4(1) -4(1) 1(1) 
C(3B) 23(2) 37(2) 9(2) 3(1) 2(1) -4(1) 
0(38) 27(1) 60(2) 4(1) 0(1) 4(1) 6(1) 
C(3C) 20(2) 63(2) 13(2) 0(1) -3(2) 3(2) 
 22(1) 30(1) 5(1) -2(1) -2(1) 0(1) 
0(4A) 29(1) 35(1) 2(1) 0(1) 0(1) 0(1) 
C(4B) 20(1) 46(2) 6(1) 2(1) -2(1) 2(1) 
0(48) 63(2) 52(1) 3(1) -3(1) -1(1) 5(2) 
C(4C) 25(1) 39(2) 15(1) 6(1) 0(2) 1(2) 
C(S) 17(1) 32(1) 7(1) -4(1) 3(1) -5(1) 
0(5A) 21(1) 41(1) 4(1) -3(1) 2(1) -2(1) 
0(SB) 33(1) 51(1) 5(1) -2(1) -2(1) -8(1) 
C(5B) 22(2) 29(1) 9(2) 1(1) -2(1) -1(1) 
C(5C) 25(2) 45(2) 13(2) 0(1) 2(1) -6(1) 
 20(1) 29(1) 12(2) -3(1) -1(1) 1(1) 
0(6A) 20(1) 35(1) 13(1) 3(1) 0(1) -3(1) 
 23(1) 27(1) 22(2) 3(1) -2(2) 0(1) 
 35(1) 34(1) 28(1) 7(1) -11(1) 0(1) 
C(7B) 40(2) 37(2) 28(2) 3(2) -11(2) 4(2) 
 79(2) 31(2) 79(3) 19(2) -57(2) -9(2) 
C(7C) 62(3) 41(2) 40(3) 11(2) -11(2) 9(2) 
C(2Z) 82(4) 94(4) 74(5) -14(4) -39(4) 14(3) 
0(3Z) 47(2) 54(2) 60(3) 0 0 14(2) 
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Table S. Hydrogen coordinates ( x 104) and isotropic 
displacement parameters (A'2 x 10"3) for xam133. 
x y z U(eq) 
H(1) 2420 1114 9652 33 
H(1B) 738 420 8127 79 
11(2) 3396 892 5144 27 
11(3) 3123 1880 7004 23 
H(3C1) 330 1997 3115 48 
H(3C2) 731 1474 2272 48 
H(3C3) .1.180 1.966 1166 48 
11(4) 4171 1651 2649 23 
H(4C1) 4781 3199 2210 39 
H(4C2) 3716 3182 3301 39 
H(4C3) 3873 3213 431 39 
H(S) 5162 1910 7054 22 
H(5C1) 7889 2183 3025 42 
H(5C2) 7037 2094 1128 42 
H(5C3) 7599 1636 2260 42 
11(6) 5068 911 5283 25 
H(7A) 6493 1127 7482 29 
H(78) 5845 1302 9730 29 
H(7C1) 7040 -212 11888 71 
H(7C2) 5972 -231 10812 71 
H(7C3) 6154 -23 13487 71 
H(1Z1) 5893 5799 2631 114 
H(1Z2) 6678 5372 2833 114 
H(1Z3) 6718 5829 4648 114 
H(1Z4) 5494 5839 3514 73 
H(1ZS) 6496 5551 3428 73 
H(1Z6) 6260 5909 5652 73 
H(2Z].) 5999 5120 6784 100 





Table 1. Crystal data and structure refinement for xam165. 
A. CRYSTAL DATA 






Unit cell dimensions 
Volume 





B. DATA COLLECTION 
Crystal description 
Crystal size 












a = 13.3184(7) A alpha = 90 deg. 
b = 16.3445(10) A beta = 90 deg. 
c = 21.2406(14) A gamma = 90 deg. 
4623.7(5) A3 






0.31 x 0.23 x 0.31 mm 
3.41 to 70.17 deg. 
-14.=h<=15, -12=k<=19, -22<=1=25 
7149 
6577 (R(int) = 0.02801 
Omega-theta 
Optimised numerical 
(Tmin= 0.776, Tmax=0.869) 
C. SOLUTION AND REFINEMENT. 
Solution 
	 direct (5HELXS-97 (Sheidrick, 1990)) 
Refinement type 
	 Full-matrix least-squares on F2 
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Program used for refinement 
Hydrogen atom placement 
Hydrogen atom treatment 
Data / restraints / parameters 
Goodness-of-fit on F'2 
Conventional R (F>4sigma(F)] 
Weighted R (F'2 and all data) 
Absolute structure parameter 
Extinction coefficient 
Final maximum delta/sigma  
SHELXL- 97 
geOm 
riding, rotating group (Me) 
6577/0/5 63 
1.095 
Ri = 0.0730 [4280 data] 







Largest diff. peak and hole 	0.260 and -0.243 e.A'-3 
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Table 2. Atomic coordinates ( x 10'4) and equivalent isotropic 
displacement parameters (A'2 x 10'3) for xaml65. 	U(eq) is defined 
as one third of the trace of the orthogonalized Uij tensor. 
x y z U(eq) 
0(1) 4721(3) 9043(2) 6499(2) 
31(1) 
 6432(4) 9013(4) 6778(3) 
33(2) 
 5640(4) 9484 (4) 6403 (3) 
30(1) 
 5834(4) 9521(4) 5699(3) 
32(1) 
 4954(4) 9936(4) 5378(3) 
34(1) 
C(S) 3970 (4) 9533 (4) 55S3(3) 
32(1) 
 3872 (4) 9493 (4) 6262 (3) 
31(1) 
 2950(4) 9029(4) 6464(3) 
36(2) 
0(10) 2913 (3) 9058 (3) 7145 (2) 
40(1) 
 2096(5) 8706(4) 7409(3) 
41(2) 
0(11) 1436(4) 8411(4) 7106(3) 
65(2) 
 2135 (6) 8765 (5) 8111 (3) 
53(2) 
0(2) 6093 (3) 8755 (3) 7376 (2) 
35(1) 
 5755(6) 9390(4) 7784(3) 
47(2) 
 5345(8) 9058(5) 8368(4) 
83(3) 
0(3) 7266(3) 9541(3) 6817(2) 
36(1) 
 8156(5) 9126(5) 7030(4) 
51(2) 
 9007(5) 9718(6) 6984(4) 
64(3) 
0(4) 6681(3) 10041(3) 5551(2) 
34(1) 
 7538(4) 9665(5) 5353(3) 
39(2) 
0(5) 7650(3) 8943(3) 5368(3) 
51(1) 
 8275(5) 10287(4) 5126(4) 
51(2) 
0(6) 5092(3) 9841(3) 4703(2) 
37(1) 
 5180(5) 10528(5) 4347(3) 
47(2) 
0(7) 5141(5) 11210(3) 4575(3) 
74(2) 
 5334(6) 10323(5) 3676(3) 56(2) 
0(8) 3199(3) 10059(3) 5291(2) 
35(1) 
 2370(4) 9694(4) 5042(3) 
37(2) 
0(9) 2229 (3) 8975 (3) 5063 (2) 
43(1) 
 1692(5) 10327(4) 4766(4) 
48(2) 
0(1 1 ) 202(3) 8579(3) 2396(2) 
34(1) 
C(1 1 ) 1969(4) 8670(4) 2293(3) 
35(2) 
C(2 1 ) 1115(4) 8286(4) 2672(3) 
34(2) 
C(3 1 ) 1112(4) 8520(4) 3361(3) 
33(2) 
C(4 1 ) 180(4) 8223(4) 3705(3) 
32(1) 
C(S') -747(4) 8475(4) 3339(3) 
33(2) 
C(6 1 ) -652(4) 8174(4) 2661(3) 
32(1) 
C(7 1 ) -1551(5) 8392(4) 2263(3) 
38(2) 
0(10 1 ) -1360(3) 8070(3) 1642(2) 
43(1) 
C(8 1 ) -2137(6) 8079(4) 1238(4) 
46(2) 
0(11 1 ) -2950(4) 8335(3) 1377(3) 56(1) 
C(9 1 ) -1828(6) 7774 (5) 616(4) 
63(2) 
0(2 1 ) 1813(3) 8648(3) 1638(2) 
39(1) 
C(10 1 ) 1693(8) 7864(5) 1376(4) 
66(2) 
C(11') 1478(14) 7844(7) 743(5) 
156(7) 
0(3 1 ) 2858(3) 8232(3) 2464(2) 
41(1) 
C(12 1 ) 3759(5) 8612(5) 2219(4) 
54(2) 
C(13 1 ) 4610(6) 8039(7) 2313(6) 
105(4) 
0(4 1 ) 1953(3) 8140(3) 3683(2) 
33(1) 
C(14 1 ) 2788(5) 8596(4) 3767(3) 
38(2) 
0(5 1 ) 2862(3) 9307(3) 
3639(2) 42(1) 
C(15 1 ) 3586(5) 8073(5) 
4057(3) 45(2) 
0(6 1 ) 135(3) 8595(2) 
4317(2) 34(1) 
C(16 1 ) 152(4) 8094(4) 
4826(3) 37(2) 
0(7') 211(4) 7363(3) 
4781(2) 48(1) 
 62(5) 8570(4) 
5425(3) 38(2) 
0(8') -1605(3) 8082(3) 
3635(2) 35(1) 
 -2390(5) 8581(5) 
3795(4) 42(2) 
0(9 1 ) -2389(4) 9297(3) 
3707(3) 65(2) 
C(19 1 ) -3216(5) 8092(5) 
4079(4) 49(2) 
0(1W) 9946(12) 11957(10) 
5661(8) 121(6) 
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C(14')-0(5') 	. 1.197(8) 
C(141)-C(151) 1.496(9) 
0(61)-C(16') 1.357(7) 














































C(6')-O(l') -C(2') 111.0(4) 
0(2')-C(1')-0(31) 111.2(5) 
0(2')-C(1')-C(2') 113.7(5) 
0(3') -C(1') -C(2') 106.0(5) 
0(1') -C(2') -C(3') 108.1(5) 
0(1') -C(2') -C(1') 106.2(5) 
C(3') -C(2') -C(1') 114.1(5) 
0(4') -C(3') -C(2') 110.2(5) 
0(4')-C(3')-C(4') 105.5(5) 
C(2') -C(3') -C(4') 112.7(5) 
0(61)-C(4')-C(5') 108.3(5) 
0(6')-C(4')-C(3') 109.4(5) 





0(1') -C(6 1 ) -C(7') 
0(1') -C (6') -C(5') 
C(7')-C(6') -C(5') 
0(10') -C(7') -C(6') 
C(8') -0(10') -C(7') 
0(11') -C(8') -0(10') 
0(11') -C(8 1 ) - C(9') 
0(10 1 ) - C(8 1 ) - C(9 1 ) 
C(10 1 ) - 0(2') -C(1') 
C(1].')-C(10')-0(2') 
C(1 1 ) -0(3') -C(12') 
0(3')-C(12')-C(13') 
C(14')-0(4')-C(3') 
0(5') -C(14') -0(4') 
0(5') -C(14') -C(15') 
0(4') -C(14') -C(15') 
C(16') -0(6') -C(4') 
0(7') -C(16') -0(6') 
0(7')-C(16') -C(17') 






























Symmetry transformations used to generate equivalent atoms: 
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Table 4. 	Anisotropic displacement parameters (A'2 x 10'3) for xam165. 
The anisotropic displacement factor exponent takes the form: 
-2 pi'2 [ h'2 a*2 Uli. + ... + 2 hka* b* U12 I 
Ull U22 U33 U23 U13 U12 
0(1) 28(2) 25(2) 41(3) 1(2) 2(2) -3(2) 
C(l) 30(3) 27(3) 41(4) -2(3) -2(3) -1(2) 
 30(3) 26(3) 34(4) 1(3) 2(3) -2(2) 
 28(3) 22(3) 45(4) 3(3) 9(3) 0(2) 
 36(3) 30(3) 37(4) 2(3) -1(3) -1(3) 
C(S) 31(3) 26(3) 37(4) -2(3) 4(3) 4(3) 
C(6) 25(3) 26(3) 42(4) -3(3) 3(3) 
-2(2) 
C(7) 34(3) 37(4) 38(4) -2(3) 0(3) -4(3) 
0(10) 39(2) 41(3) 41(3) 1(2) 6(2) 
-4(2) 
C(8) 38(4) 34(4) 51(5) 4(3) 12(3) 7(3) 
0(11) 52(3) 84(5) 60(4) 0(3) 13(3) -30(3) 
C(9) 72(5) 41(4) 44(5) 3(4) 16(4) 
-6(4) 
0(2) 41(2) 27(2) 36(3) -1(2) -1(2) 5(2) 
C(10) 68(5) 35(4) 39(4) 3(3) 5(4) 
2(4) 
C(ll) 140(9) 48(5) 61(6) -2(5) 41(6) 13(5) 
0(3) 28(2) 31(2) 50(3) 0(2) -4(2) 
-3(2) 
 40(4) 52(5) 62(5) -4(4) -13(4) 8(3) 
 32(4) 97(7) 63(6) 13(5) -14(4) 
-1(4) 
0(4) 28(2) 28(2) 45(3) 1(2) 4(2) -3(2) 
 28(3) 49(5) 39(4) 0(3) -1(3) 
-4(3) 
0(5) 43(3) 36(3) 75(4) 2(3) 9(3) 2(2) 
 32(3) 50(5) 71(6) 8(4) 13(4) 
-8(3) 
0(6) 38(2) 39(2) 36(3) 2(2) 0(2) 
0(2) 
 48(4) 51(4) 42(4) 15(4) 6(3) 
5(4) 
0(7) 122(5) 41(3) 57(4) 10(3) 13(4) 
2(4) 
 63(5) 63(5) 42(5) 8(4) -1(4) 
9(4) 
0(8) 32(2) 28(2) 44(3) 1(2) -7(2) 
0(2) 
 28(3) 43(4) 39(4) 1(3) -2(3) 
-6(3) 
0(9) 39(2) 34(3) 55(3) 1(2) -5(2) 
-5(2) 
 41(4) 44(4) 59(5) 5(4) -3(3) 
2(3) 
0(1 1 ) 29(2) 31(2) 42(3) 9(2) 0(2) 
2(2) 
C(1 1 ) 33(3) 30(3) 41(4) 0(3) 1(3) 
6(3) 
 29(3) 27(3) 45(4) 2(3) -3(3) 
6(3) 
 26(3) 29(3) 44(4) 7(3) -8(3) 
5(2) 
 34(3) 24(3) 36(4) 8(3) -1(3) 
1(3) 
 29(3) 22(3) 46(4) 4(3) 1(3) 
-2(2) 
 32(3) 25(3) 39(4) 0(3) -1(3) 
-3(2) 
 33(3) 30(4) 51(5) -2(3) -3(3) 
-4(3) 
0(10 1 ) 41(3) 45(3) 43(3) -1(2) -9(2) 
-1(2) 
 52(4) 32(4) 54(5) 3(4) -13(4) 
-3(3) 
0(11 1 ) 47(3) 60(4) 60(4) 5(3) -11(3) -5(3) 
C(9 1 ) 74(5) 61(6) 53(6) -7(5) -14(4) 
-6(4) 
0(2') 47(3) 31(2) 40(3) 1(2) 3(2) 
-1(2) 
C(10 1 ) 103(7) 32(4) 63(6) -1(4) -15(5) 
1(4) 
C(11 1 ) 360(20) 67(8) 43(7) -7(6) -2(11) 
-27(12) 
0(3') 34(2) 40(3) 48(3) 9(2) 4(2) 
3(2) 
 36(4) 58(5) 69(6) 13(5) 8(4) 
-4(3) 
 47(5) 116(10) 152(11) 53(9) 20(6) 
25(6) 
0(4') 28(2) 26(2) 46(3) 6(2) -7(2) 
-4(2) 
 33(3) 40(4) 41(4) 2(3) -2(3) 
0(3) 
, 
O(SO) 40(2) 30(3) 57(3) 5(2) 
-6(2) -4(2) 
 41(4) 48(5) 47(5) 2(4) 
-11(3) 7(3) 
0(6 1 ) 38(2) 24(2) 38(3) 0(2) 
-2(2) 1(2) 
 29(3) 35(3) 47(4) 9(3) 
0(3) 3(3) 
0(7') 65(3) 31(3) 48(3) 7(2) 
2(3) 3(2) 
 33(3) 43(4) 36(4) 3(3) 
0(3) 5(3) 
0(8') 30(2) 27(2) 49(3) 6(2) 
4(2) -3(2) 
 33(3) 44(4) 49(5) -3(4) 
7(3) 2(3) 
0(9 1 ) 52(3) 29(3) 114 (5) 16(3) 
29(3) 9(2) 
 36(4) 48(5) 63(5) 4(4) 
14(4) -1(3) 
0(1W) 121(12) 106(12) 136(14) 11 (11) 
54(11) 22(11) 
250 
Table S. Hydrogen coordinates ( x 10"4) and isotropic 
displacement parameters (A'2 x 10'3) for xamn165. 
x y z U(eq) 
H(1) 6628 8529 
6536 40 
H(2) 5574 10040 6571 
36 
H(3) 5936 8970 5529 
38 
H(4) 4937 10518 5489 
41 
H(S) 3928 8984 5370 
38 
H(6) 3863 10046 
6441 37 
H(7A) 2353 9278 6286 
44 
H(7B) 2988 8466 
6321 44 
H(9A) 2060 9326 
8236 79 
H(9B) 2769 8561 8259 
79 
H(9C) 1601 8445 
8290 79 
H(10A) 5243 9710 
7572 57 
H(10B) 6312 9752 7881 
57 
H(11A) 5040 9491 8607 
124 
H(11B) 5875 8815 8610 
124 
H(11C) 4849 8651 
8271 124 
H(12A) 8286 8651 6769 
61 
H(12B) 8072 8945 
7462 61 
H(13A) 9623 9446 7090 
96 
H(13B) 8896 10163 7271 
96 
H(13C) 9048 9926 
6562 96 
H(15A) 8438 10654 5463 
77 
H(15B) 7987 10590 4783 
77 
H(15C) 8874 10017 
4985 77 
H(17A) 4799 9976 
3534 84 
H(17B) 5963 10045 3627 
84 
H(17C) 5339 10817 
3431 84 
H(19A) 2049 10630 
4450 72 
H(19B) 1471 10693 5091 
72 
H(19C) 1120 10065 
4578 72 
H(1 1 ) 2045 9241 2423 
41 
H(2') 1145 7689 
2634 40 
 1162 9116 
3400 40 
 200 7626 
3747 38 
H(5') -826 9071 
3348 39 
H(6') -548 7580 
2656 39 
H(7'1) -2156 8152 2438 
46 
H(7'2) -1636 8981 
2246 46 
H(9 1 1) -1324 7359 
667 94 
H(9'2) -1559 8217 372 
94 
II(9'3) -2399 7546 
403 94 
H(1OC) 2306 7556 1447 
80 
H(10D) 1158 7586 1600 
80 
H(11D) 780 7968 680 
234 
H(11E) 1621 7310 579 
234 
H(11F) 1882 8243 528 
234 
H(12C) 3887 9122 2439 
65 
H(12D) 3677 8731 1775 
65 
H(13D) 5212 8277 
2145 158 
H(13E) 4472 7534 2100 
158 
H(13F) 4697 7936 2755 
158 
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B(15D) 3814 7679 3754 68 
H(15E) 3317 7794 4417 68 
H(15F) 4139 8410 4185 68 
H(17D) -634 8632 5532 57 
H(17E) 361 9100 5371 57 
H(17F) 401 8283 5757 57 
H(19D) -2946 7734 4395 74 
H(19E) -3538 7773 3758 74 
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Table 1. crystal data and structure refinement for acam84 (SGH/SP). 
A. CRYSTAL DATA 
Empirical formula 	 C26 H35 N 015 
Formula weight 	 601.55 
Wavelength 	 1.54178 A 
Temperature 	 120(2) K 
Crystal system 	 Monoclinic 
Space group 	 P21 
Unit cell dimensions 	 a = 8.5247(16) A alpha= 90 deg. 
Volume 





B. DATA COLLECTION 
Crystal description 
Crystal size 






b = 9.562(2) A beta = 97.61(3) deg. 
c = 18.277(6) A gamma = 90 deg. 
1476.7(7) A'3 





Colourless lath developed in (001) 
0.58 x 0.41 x 0.13 mm 
4.88 to 70.04 deg. 
-10<=h<=10, -11<=k<11, -20<l<22 
5431 
4888 [R(int) = 0.0355] 
omega-theta 
Numerical (Tmin 0.651, Tmax0.892) 
C. SOLUTION AND REFINEMENT. 
Solution 
Refinement type 
Program used for refinement 
Hydrogen atom placement 
Hydrogen atom treatment 
direct (S1R92) 




riding/rotating group (Me) 
Data / restraints / parameters 	4888/1/388 
Goodness-of-fit on F2 	 1.117 
Conventional ft (F>4sigma(F)) 
	Ri = 0.0762 (4452 data) 
Weighted R (F2 and all data) 
	wR2 = 0.2282 








Largest diff. peak and hole 	0.522 and -0.363 e.A-3 
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Table 2. Atomic coordinates ( x 104) and equivalent isotropic 
displacement parameters (A2 x 103) for acam84. 	U(eq) is defined 
as one third of the trace of the orthogonalized Uij tensor. 
x y z U(eq) 
0(1) 6162(4) 7915(4) 
7663(2) 32(1) 
 6663(6) 7285(6) 
7033(3) 32(1) 
0(2) 8067(4) 6384(4) 
8124(2) 33(1) 
 7982(6) 6250(6) 
7355(3) 32(1) 
 9479(6) 6844(6) 
7102(3) 27(1) 
0(4) 7370(4) 8284(4) 
6616(2) 30(1) 
 9021(5) 8361(6) 
6924(3) 25(1) 
0(5) 9267(4) 10515(4) 
6281(2) 31(1) 
 9896(6) 9096(6) 
6368(3) 28(1) 
 11654(6) 9279(6) 
6629(3) 27(1) 
N(7) 10368(5) 11426(5) 
6691(2) 28(1) 
 11666(5) 10766(6) 
6890(2) 23(1) 
0(8) 14156(4) 11628(4) 
6754(2) 25(1) 
 13036(5) 11552(5) 
7274(2) 22(1) 
 13857(5) 10856(5) 
7978(2) 22(1) 
 15290(5) 11742(5) 
8268(2) 23(1) 
 16387(5) 11888(5) 
7689(3) 22(1) 
 15470(5) 12525(5) 
7005(3) 21(1) 
 16445(6) 12681(5) 6374(3) 
25(1) 
 6607(7) 7012(6) 8279(3) 
32(1) 
0(31) 9765(4) 6147(4) 
6430(2) 32(1) 
 11037(7) 5283(7) 6466(3) 
35(1) 
0(32) 11912(5) 5072(5) 
7033(2) 50(1) 
 11206(8) 4675(8) 
5731(3) 45(2) 
0(91) 12883(4) 10859(4) 
8561(2) 25(1) 
 12258(6) 9632(6) 
8752(3) 26(1) 
0(92) 12312(5) 8573(4) 
8402(2) 36(1) 
 11587(6) 9759(7) 9463(3) 
35(1) 
0(101) 16125(4) 11088(4) 8911(2) 
25(1) 
 16163(6) 11757(6) 
9565(3) 25(1) 
0(102) 15525(5) 12854(5) 9642(2) 
38(1) 
 17129(7) 10940(7) 10164(3) 
34(1) 
0(111) 17626(4) 12865(4) 
7954(2) 24(1) 
 19053(5) 12310(5) 8257(3) 
24(1) 
0(112) 19283(4) 11081(4) 
8292(2) 31(1) 
 20181(6) 13450(7) 
8503(3) 38(1) 
0(131) 15650(5) 13709(5) 
5886(2) 43(1) 
 16244(8) 13925(8) 
5255(3) 47(2) 
0(132) 17345(6) 13319(6) 
5082(3) 56(1) 
 15259(10) 14967(10) 4787(4) 
70(3) 
 5339(8) 5914(7) 8321(4) 
45(2) 
 6967(8) 7861(7) 8968(3) 
39(1) 
256 

















































































































Symmetry transformations used to generate equivalent atoms 
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Table 4. 	
AnisotroPic displacement parameters (A'2 x 103) for acam84. 
The anisotrOpiC displacement factor exponent takes the form: 
-2 pi2 ( 
h2 a*2 Ull + ... + 2 h k a* b* U12 
Ull U22 U33 U23 
U13 U12 












38(2) 4(2) 17(2) 7(2) 0(2) 
 35(3) 22(3) 42(3) 
1(2) 17(2) 1(2) 












31(2) -1(2) 1(2) 3(2) 
 
0(5) 23(2) 29(2) 39(2) 
5(2) -1(1) -2(2) 














14(2) 29(3) 26(2) 
1(2) 4(2) 3(2) 














20(2) 26(2) 21(2) -1(2) 
-2(2) 7(2) 





 18(2) 19(2) 27(2) 
28(2) 
-2(2) 






27(3) 40(3) -1(2) 16(2) 
5(2) 














42(3) 51(4) 45(3) -7(3) 
16(3) 6(3) 














27(3) 44(3) 35(3) 
8(2) 7(2) 3(2) 














37(3) 42(3) 25(2) -2(2) 
6(2) 6(3) 
0(111) 14(2) 25(2) 33(2) 
-1(1) -2(1) 2(1) 
7(2) 












50(3) -4(3) -2(2) 0(2) 














70(5) 84(6) 62(4) 40(4) 
31(4) 39(5) 
 47(3) 35(3) 59(4) 
-1(3) 27(3) -8(3) 
7(3) 
 53(4) 29(3) 39(3) 
2(2) 16(3) 
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Table 5. 	Hydrogen coordinates ( x 104) and isotropic 
displacement parameters (A2 x 103) for acam84. 
X y z 
U(eq) 
 5773 6789 
6728 38 
 7763 5268 
7183 38 
 10409 6774 
7496 33 
 9125 8917 
7392 29 
fl(5) 9734 8592 
5884 33 
H(6A) 12030 8627 
7035 32 
H(63) 12297 9157 
6220 32 
H(8) 12693 12517 
7391 26 
H(9) 14189 9881 
7873 26 
H(10) 14927 12691 
8403 27 
H(11) 16841 10962 
7575 26 
H(12) 15062 13464 
7131 26 
H(13A) 17532 12994 
6561 31 
H(13B) 16510 11779 
6114 31 
H(32A) 12146 4076 
5773 68 
H(323) 11317 5430 
5379 68 
H(32C) 10265 4118 
5557 68 
H(92A) 12435 9648 
9877 53 
H(92B) 10787 9030 
9489 53 
H(92C) 11097 10681 
9491 53 
H(10A) 16546 10099 
10274 52 
fl(1OB) 17337 11518 
10609 52 
H(1OC) 18135 10669 
10000 52 
H(11A) 20621 13832 
8076 56 
H(11B) 21039 13080 
8860 56 
fl(11C) 19627 14192 
8736 56 
R(13C) 15280 14749 
4265 105 
H(13D) 15685 15908 
4893 105 
H(13E) 14166 14927 
4898 105 
8(14A) 5183 5381 
7859 68 
H(14B) 4345 6372 
8397 68 
H(14C) 5670 5280 
8734 68 
H(14D) 5988 8278 
9094 59 
H(148) 7718 8604 
8888 59 
H(14F) 7431 7257 
9372 59 
'SI 
Torsion/DihedraL AngLes (Deg) - Ktyyie & PreL og Convention (Di.iii tz, p241) - (Excl. Minor Disorder & Eatedded Bond Angi. ' 160. Deg 
C(14) 0(1) C(l) 0(4) -1360(4) C(14) 0(1) C(1) C(2) -21.1(5) CO) 0(1) C(14) 0(2) 33.2(5) 
CO) 0(1) CC14) C(141) -85.9(5) C(1) 0(1) C(14) C(142) 148.3(5) C(14) 0(2) C(2) CO) 19.2(5) 
C(14) 0(2) C(2) C(3) 130.4(5) C(2) 0(2) C(14) 0(1) -32.5(5) C(2) 0(2) C(14) C(141) 85.8(5) 
C(2) 0(2) C(14) C(142) -149.0(5) C(4) 0(4) CO) 0(1) 86.4(5) C(4) 0(4) CO) C(2) -26.5(5) 
CO) 0(4) C(4) C(3) 39.7(5) CO) 0(4) C(4) C(S) 164.2(4) C(5) 0(5) NC?) C(7) 11.6(5) 
11(7) 0(5) C(S) C(4) 102.1(4) NC?) 0(5) C(S) C(6) -18.9(5) C(12) 0(8) C(B) CC?) 172.1(4) 
C(12) 0(8) C(8) C(9) -64.8(5) C(8) 0(8) C(12) C(11) 64.9(5) C(S) 0(8) C(12) C(13) -172.4(4) 
C(31) 0(31) C(3) C(2) -111.2(5) C(31) 0(31) C(3) CC4) 1375(5) C(3) 0(31) C(31) 0(32) 0.7(8) 
C(3) 0(31) C(3I) C(32) -178.4(5) C(91) 0(91) C(9) C(8) 108.8(5) C(91) 0(91) C(9) COO) -134.4(4) 
C(9) 0(91) C(91) 0(92) -9.5(7) C(9) 0(91) C(91) C(92) 167.5(4) C(101) 0(101) C(10) C(9) -114.1(4) 
C(lOi) 0(101) C(i0) Ccli) 124.9(4) C(10) 0(101) C(I01) 0(102) 1.0(7) C(I0) 0(101) C001) C(102) -178.1(4) 
C(lii) 0(111) C(lI) C(I0) 99.2(5) C(111) 0(111) C(11) C(12) -144.0(4) C01) 0(111) C011) 0(112) 1.2(7) 
COI) 0(111) C011) C012) -179.7(4) C(131) 0(131) C(13) C(12) -174.6(5) C(13) 0(131) C031) 0(132) 0.8(10) 
C(13) 0(131) C(131) C032) 177.3(5) 0(1) CO) C(2) 0(2) 1.00) 0(1) CO) C(2) C(3) -114.1(4) 
0(4) CO) C(2) 0(2) 118.1(4) 0(4) CO) C(2) C(3) 3.0(5) 0(2) C(2) CC3) 0(31) 1526(4) 
0(2) C(2) C(3) C(4) -92.0(5) CO) C(2) C(3) 0(31) -95;5(5) CO) C(2) C(3) CC4) 199(5) 
0(31)   0(4) 79.5(5) 0(31) C(3) C(4) C(5) -39.0(6) C(2) C(3) C(4) 0(4) -36.1(5) 
C(2) C(3) C(4) C(S) -154.6(4) 0(6) C(4) C(S) 0(5) 63.2(5) NO C(4) C(5) C(6) 178J(5) 
  C(S) 0(5) 179.7(4) C(3) CC4)   -64.8(6) 0(5) C(S) C(6) CC?) 17.9(5) 
C(4) C(S) C(6) C(7) -99.0(5) C(S) C(6) CC?) N(7) -12.3(5)   C(?) C(8) 174.3(4) 
C(6) CC?) N(7) 0(5) 1.00) C(8) CC?) NC?) 0(5) 175.0(3) N(7) CC?) C(8) 0(8) -109J(4) 
NC?) C(7) C(8) C(9) 131.8(4) C(6) C(7) C(S) 0(8) 63.5(5) C(6) CC?) C(8) C(9) -55.1(6) 
0(8) C(S) C(9) 0(91) 174.1(4) 0(8) C(8) C(9) C(10) 59.1(6) Cc?) C(8) C(9) 0(91) -68.9(5) 
CC?) C(8) C(9) C(10) 176.1(4) 0(91) C(9) COO) 0(101) 62.6(4) 0(91) C(9) C(10) C(11) -177.2(4) 
C(8)  C(l0) 0(101) -177.6(3) C(S) C(9)   -57.4(5) 0(101) COO) C(ii) 0(111) -66.4(5) 
0(101) COO) C(11) C(12) 177.8(4) C(9) C(i0) Ccii) 0(111) 173.3(4) C(9) C(I0) C(11) C(12) 57.5(5) 
0(111) C(1I) C(12) 0(8) -176.0(4) 0(111) Ccii) CO2) CO3) 64.9(5) C(10) COI) C(12) 0(8) -59.1(5) 
C(10) C(1i) C(12) C(13) -178.2(4) 0(8) C(12) C(13) 0(131) 80.2(5) C(ii) C(12) C(13) 0(131) -1600(4) 
C(i4) 0(1) CO) 11(1) 99.27 C(14) 0(2) C(2) H(2) -103.56 C(4) 0(4) CO) 11(1) -148.90 
CO) 0(4) C(4) H(4) -77.09 NC?) 0(5) C(5) H(5) -137.69 C(12) 0(8) C(8) H(S) 54.42 
C(8) 0(8) C(12) 11(12) -54.05 C(31) 0(31) C(3) H(3) 13.25 C(91) 0(91) C(9) 11(9) -15.27 
C(iOI) 0(101) C(i0) H(i0) 5.48 C(111) 0(111) C(ii) H(11) -22.92 C(131) 0(131) CO3) H(13A) 65.58 
C(131) 0(131) C(13) H(13B) -54J1 0(1) CO) C(2) H(2) 123.80 0(4) CO) C(2) H(2) -119.11 
11(1) CO) C(2) 0(2) -119.41 H(i) CO) C(2) C(3) 125.45 11(1) CO) C(2) H(2) 3.38 
0(2) C(2) C(3) 11(3) 28.16 CO) C(2) C(3) 11(3) 140.04 H(2) C(2) C(3) 0(31) 2656 
11(2) C(2) C(3) C(4) 141.99 H(2) C(2) CC3) H(3) -97.90 0(31)   H(4) -163.82 
C(2) C(3) C(4) 11(4) 80.58 H(3) C(3) C(4) 0(4) -156.22 11(3) C(3) C(4) C(S) 85.33 
H(3)   11(4) -39.50 0(6) C(4) C(5) H(S) -56.95   C(S) H(5) 59.53 
11(4) C(4) C(5) 0(5) -55.50 H(4) C(4) C(5) C(6) 60.04 H(4) C(4) C(5) H(S) -175.65 
0(5) C(S) C(6) H(6A) 136.34 0(5) C(S) C(6) H(68) -100.47 C(4) C(S) C(6) HCU) 19.43 
C(4) C(S) C(6) 11(68) 142.61 H(S) C(S) C(6) CC?) 136.68 H(S) C(S) C(6) H(6A) -104.89 
11(5) C(5) C(6) H(6B) 18.29 HC6A) C(6) CC?) 11(7) -130.66 H(6A) C(6) CC7) C(S) 55.92 
11(68) C(6) C(7) N(7) 106.12 H(68) C(6) C(7) C(8) -67.30 11(7) CC?) C(S) 11(8) 7.96 
C(6) C(7) C(8) H(S) -178.88 0(8) C(S) C(9) 11(9) -61.97 CC?) C(S) C(9) 11(9) 55.09 
11(8) C(8) C(9) 0(91) 54.90 H(S) C(8) C(9) C(l0) -60.11 H(S) C(8) C(9) H(9) 178.85 
0(91) C(9) COO) H(iO) -56.88 C(S) C(9) C(10) 11(10) 62.85 H(9)  COO) 0(101) -56.53 
11(9) C(9)  C(li) 6369 H(9) C(9) C(10) NOW -176.04 0(101) COO) COI) 11(11) 5573 
   11(11) -64.56 11(10) C(l0) COI) 0(111) 53.05 HC1O) COO) COI) CO2) -62.83 
H(iO) C(10) C(ii) 11(11) 175.14 0(111) C(il) CO2) H02) -56.98 C(l0) C(ii) C(12) 11(12) 59.92 
H(ii) COI) C(12) 0(5) 62.99 H(il) C(il) C(12) C(13) -56.17 H(il) C(ii) CO2) H(12) -178.02 
0(8) C(12) CO3) H03A) -159.99 0(8) CO2) C(13) H038) -39.72 COI) CO2) C(13) H(13A) -40.14 
C(1i) CO2) C(i3) H038) 80.12 11(12) C(iZ) C(13) 0(131) -38.16 11(12) C(12) C(13) H(i3A) 81.70 
11(12) C(12) C(13) H(138) -158.04 0(1) C(14) C(141) H(14A) 58.00 0(1) C(i4) C(141) H(14B) -61.97 
0(1) C(14) C(141) H(140 178.04 0(2) C(14) C041) H04A) -5666 0(2) C(14) C(141) N(14B) -176.63 
0(2) C(i4) C(141) 11(140 63.37 C(142) C(14) C(141) H(14A) -178.44 C(142) CCI4) C041) H(i4B) 61.58 
C(142) C(14) C041) H(14C) -58.41 0(1) C(i4) C(142) H(14D) 68.94 00) C(14) C042) H(14E) -51.06 
0(1) C(14) C042) 11(140 -171.03 0(2) C(i4) C(142) H(140) -178.36 0(2) C(14) C(142) H04E) 61.64 
0(2) Cc14) C(142) H04F) -58.33 C(141) C(14) C(142) H040) -54J1 C(141) C(i4) C(142) H(14E) -174.71 
C041) C(14) C(142) H04F) 65.32 0(31) C(31) C(32) H(32A) 178.66 0(31) C(31) C(32) H(326) 58.64 
0(31) C(31) C(32) H(32C) -61.35 0(32) C(31) C(32) H(32A) -0.40 0(32) C(31) C(32) H(32B) -120.42 
0(32) C(31) C(32) H(32C) 119.59 0(91) C(91) C(92) H(92A) -83.21 0(91) C(91) C(92) H(92B) 156.83 
0(91) C(91) C(92) II(92C) 3683 0(92) C(91) C(92) H(92A) 93.71 0(92) C(91) C(92) H(928) -26.25 
0(92) C(91) C(92) H(920 -14625 0(101) C(iOi) C(102) H(iOA) -71.87 0(101) C(iOl) C002) H(iOB) 168.13 
0001) C(iOi) C002) H(iOC) 48.13 0(102) C(101) C(102) H(iOA) 109.01 0(102) C(iOl) C002) H(108) -11.00 
0(102) C(iOI) C002) H(iOC) -131.00 0(111) Cclii) C(112) H(ilA) -79.13 0(111) C(iil) C012) H(iiB) 160.79 
0(111) C(iil) C(112) H(liC) 40.87 0(112) Cclii) C012) H(11A) 99.91 0(112) C(iil) C012) H(116) -20.17 
0(112) C(iii) C(112) H(ilC) -140.08 0(131) C(131) C(132) H(130 -148.11 0(131) C031) C032) H(130) 91.83 
0(131) C031) C(132) H03E) -28.07 0(132) C(131) C(132) H(130 28.31 0032) C031) C032) H(130) -91.76 








C131 	C132 Cl 02 
04 C2 0112 C13 	0131 
C112 C12 C4 C3 
Cl11 08 	C6 031 
0111 	Cil C5 
C32 	032 
C10 	C8 	C7 9 


















Table 1. Crystal data and structure refinement for diam96. 
A. CRYSTAL DATA 
Empirical formula 	




0.68780 A (Synchrotron data set) 
Temperature 	 150(2) K 
Crystal system 	 Monoclinic 
Spaci group 	 P21 
Unit cell dimensions 	
a = 5.4529(3) A alpha = 90 dog. 
—an 1550, l0 dec 
Volume 





b = 12.34(b) a 	De M 
c = 26.2982(13) A gamma = 90 dog. 
1771.35(16) A3 





B. DATA COLLECTION 
Crystal description 
crystal size 




Scan type  
Colourless needle 
0.40 x 0.04 x 0.04 mm 
2.19 to 29.38 dog. 
-7<h<7, -16<k<17, -21<=l<37 
10540 
8789 [R(int) = 0.0352] 
Omega 
C. SOLUTION AND REFINEMENT. 
Solution 
Refinement type 
Program used for refinement 
Hydrogen atom placement 
Hydrogen atom treatment 
Data / restraints / parameters  
direct (SBELXS97) 







Ri = 0.0484 [7005 data 
wR2 = 0.1191 
0.8(7) 
0.001 
Goodness-of-fit on F2 
Conventional R [F>48ig15(P)I 
Weighted R (F2 and all data) 
Absolute structure parameter 
Final maximum delta/signka  
Weighting scheme 	 -2+0.0000fl where p(FO2"+2FC2)/3 
caic 
Largest diff. peak and hole 	
0.326 and -0.251 ..A-3 
264 
Table 2. Atomic coordinates  ( x 104) and equivalent isotropic 
displacement parameters (A2 x 10"3) for diam96. 	U(eq) is defined 
as one third of the trace of the orthogonalized Uij tensor. 
X Y S U(eq) 
0(1) 12619(3) 12547(1) 6611(1) 
39(1) 
 13486(4) 11522(2) 6471(1) 
35(1) 
0(2) 9840(3) 11927(1) 6041(1) 
41(1) 
 11758(5) 11148(2) 6038(1) 
36(1) 
 10746(4) 10067(2) 6223(1) 
32(1) 
0(4) 13188(3) 10777(1) 6873(1) 
34(1) 
 10962(4) 10189(2) 6798(1) 
28(1) 
0(5) 8997(3) 8491(1) 6965(1) 
36(1) 
C(S) 11162(4) 9142(2) 7088(1) 
29(1) 
 11061(4) 9277(2) 7663(1) 
31(1) 
 8542(4) 8875(2) 7771(1) 
25(1) 
N(7) 7443(4) 8442(1) 7392(1) 
31(1) 
0(8) 6902(3) 10086(1) 8360(1) 
26(1) 
 7263(4) 8959(2) 8270(1) 
23(1) 
 8739(3) 8476(2) 8712(1) 
22(1) 
 7520(3) 8709(2) 9213(1) 
22(1) 
 6878(4) 9903(2) 9269(1) 
23(1) 
 5464(4) 10294(2) 8800(1) 
25(1) 
 4978(4) 11483(2) 8812(1) 
32(1) 
 10881(5) 12913(2) 6237(1) 
41(1) 
0(31) 12364(3) 9206(1) 6079(1) 
35(1) 
0(32) 10283(4) 9013(2) 5352(1) 53(1) 
 11836(5) 8703(2) 5638(1) 37(1) 
 13396(5) 7735(2) 5563(1) 
37(1) 
 12761(5) 7007(2) 5181(1) 
45(1) 
 14111(6) 6079(2) 5110(1) 
51(1) 
 16114(6) 5870(2) 5410(1) 56(1) 
 16767(6) 6574(2) 5795(1) 
57(1) 
 15403(5) 7508(2) 5872(1) 
48(1) 
0(91) 8761(2) 7324(1) 8641(1) 
26(1) 
 10952(4) 6836(2) 8570(1) 
31(1) 
0(92) 12840(3) 7307(2) 8578(1) 61(1) 
 10618(5) 5652(2) 8491(1) 
43(1) 
0(101) 9267(2) 8441(1) 9606(1) 25(1) 
 8410(4) 7921(2) 10024(1) 
25(1) 
0(102) 6375(3) 7584(1) 10061(1) 38(1) 
 10361(4) 7871(2) 10424(1) 
32(1) 
0(111) 5266(2) 10019(1) 9697(1) 26(1) 
 6228(4) 10409(2) 10140(1) 28(1) 
0(112) 8318(3) 10698(2) 10181(1) 38(1) 
 4368(4) 10386(2) 10552(1) 33(1) 
0(131) 3080(3) 11694(1). 8441(1) 41(1) 
 2922(6) 12713(2) 8272(1) 53(1) 
0(132) 4207(6) 13424(2) 8425(1) 86(1) 
 896(7) 12808(3) 7878(1) 71(1) 
 8889(6) 13523(2) 6509(1) 61(1) 
 12197(6) 13523(3) 5825(1) 64(1) 
i'b1a 3. 	



























































































































































































































Symmetry transformations used to generate equivalent atoms: 
Table 4. AnisotroPic displacement parameters (A2 x 103) for diam96. 
The anisotrOPic displacement factor exponent takes the form: 
-2 pi-2 
 [ h2 a*'2 Ull + •.. + 2 h k a* b* u12 I 
U22 U33 
U23 U13 U12 
Ull 
0(1) 	42(1) 




 32(1) 42(1) 
29(1) 
41(1) 7(1) -12(1) 
-5(1)  
0(2) 43(1) 39(1) 23(1) 5(1) 
0(1) -5(1) 
 40(1) 44(1) 21(1) -1(1) 
-3(1) 0(1) 
 33(1) 40(1) 27(1) 5(1) 
-7(1) -6(1) 








35(1) 23(1) 0(1) 













-2(1) i(i)  
11(7) 38(1) 28(1) 














3(1) -1(1) -2(1) 
 18(1) 24(1) 
23(1) 24(1) 0(1) 
0(1) 1(1) 
 22(1) 
24(1) 24(1) 1(1) 
-2(1) 3(1) 
 27(1) 
27(1) 28(1) -4(1) 
-7(1) 11(1) 
 41(1) 










0(32) 81(1) 46(l) 
33(1) -7(1) 
0(1) 3(1)  
 50(2) 39(1) 
22(1) 
26(1) -2(1) 10(1) 
-6(1) 
 45(1) 40(1) 29(1) -6(1) 6(1) 
-12(1)  
 57(2) 48(1) 














-10(1) 4(1) -3(1) 
 48(2) 54(2) 38(1) 1(1) 1(1) 
-1(1) 
0(91) 22(1) 19(1) 35(1) 7(1) 7(1) 
6(1) 
 30(1) 29(1) 




0(1) 9(1) 10(1) 
 47(2) 
26(1) 27(1) 7(1) 
-2(1) -1(1) 
0(101) 23(1) 
21(1) 25(1) 0(1) 
3(1) 0(1)  
 28(1) 
47(1) 34(1) 1 1(1) 
0(1) -9(1)  
0(102) 32(1) 
29(1) 30(1) 4(1) 
-6(1) 0(1)  
 36(1) 
28(1) 25(1) -2( 1) 
2(1) 0(1)  
0(111) 24(1) 
28(1) 27(1) 2( 1) 
-3(1) 5(1)  
 28(1) 
58(1) 31(1) -6(1) 
 -3(1) 
0(112) 27(1) 
38(1) 27(1) -3(1) 
3(1) 3(1) 
 34(1) 
38(1) 35(1) 0(1) 
-12(1) 17(1) 
0(131) 50(1) 
37(1) 38(1) -7(1) 
-10(1) 31(1) 
 84(2) 
32(1) 93(2) 3(1) 
- 	 -43(2) 20(1) 
0(132) 132(2) 
69(2) 43(2) -2(1) 
-25(2) 48(2) 
 101(3) 
50(2) 84(2) 0(2) 
-16(2) 7(1) 
50(2) 




Table 5. Hydrogen coordinates ( x 10'4) and isotropic 
displacement pa

















































































































Torsion/Dihedral AngLes (Deg) - Klyne & Pretog Convention (Disiitz 	p241) - (ExcI. Minor Disorder & Entedded Bond AngL. > 160. Deg 
= (14) 0(1) CO) 0(4) 	-126.37(19) 	C(14) 	0(1) CO) C(2) 




















-109.24(17) N(?) 0(5) C(5) C(6) 12.1(2) C(12) 0(8) C(8) C(7) 173.85(16) 



















































Cclii) 0(111) C(il) C(i0) 103.17(18) C(111) 0(111) C(II) C(12) -138.32(16) C(1i) 0(111) C(111) 0(112) 
-170.75(15) 




































































0(91) 172.13(14) 0(8) C(8) C(9) C(10) 54.7(2) CC?) C(8) C(9) 0(91) -69.89(19) 























































-0.3(4) C(32) C(33) C(38) C(37) 178.2(2) CC34) C(33) C(38) C(37) 0.7(4) C(33)    -0.9(4) C(34) C(3S) C(36) C(37) 1.5(4) C(35) C(36) C(37) C(38) -1.0(4) CC36) C(37) C(38) C(33) -0.1(4) 
C(14) 0(1) CO) H(1) 108.98 C(14) 0(2) C(2) H(2) -95.26 C(4) 0(4) C(i) 11(1) -139.36 CO) 0(4) C(4) 11(4) -82.92 11(7) 0(5) C(S) H(S) 130.47 C(12) 0(8) C(8) 11(8) 55.85 C(8) 0(8) CO2) 11(12) -54.59 C(32) 0(31) Cc3) 11(3) 32.52 C(91) 0(91) C(9) 11(9) -2.25 C(iOl) 0(101) C(10) 11(10) -19.27 Cclii) 0(111) COI) H(li) -17.97 C(131) 0(131) C(13) H(13A) 81.03 C(131) 0(131) C(13) 11(138) -39.01 0(1) CO) C(2) 11(2) 113.03 0(4) CO) C(2) H(2) -129.54 11(1) CO) C(2) 0(2) -130.53 11(1) CO) C(2) C(3) 115.40 11(1) CO) C(2) 11(2) -7.74 0(2) C(2) C(3) 11(3) 35.78 CO) C(2) C(3) H(3) 146.22 H(2) C(2) C(3) 0(31) 35.70 H(2) C(2) C(3) C(4) 148.78 11(2) C(2) C(3) H(3) -90.65 0(31)   11(4) -163.77 C(2) C(3) C(4) 11(6) 80.96 11(3) C(3) C(4) 0(4) -157.27 11(3) C(3) C(4) C(S) 84.66 11(3)   11(4) -39.66 0(4) C(4) C(S) H(S) -53.54 C(3) C(4) C(5) 11(5) 62.56 11(4) C(4) C(S) 0(5) 66.54 11(4) C(4) C(5) C(6) -4863 11(4) C(4) C(5) H(S) -173.15 0(5) C(S) C(6) H(6A) 107.15 0(5) C(5) C(6) H(68) -130.16 C(4) C(S) C(6) 8(6A) -135.72 C(4) C(S) C(6) H(68) -13.06 It(S) C(S) C(6) C(7) -129.87 8(5)   H(6A) -11.21 H(S) C(5) C(6) H(68) 111.48 H(6A) C(6) C(7) 11(7) -110.47 H(6A) C(6) CC?) C(8) 70.62 11(68) C(6) C(7) 11(7) 126.78 H(66) C(6) C(7) C(8) -52.13 11(7) C(7) C(8) 11(8) 4.36 C(6) C(7) C(8) H(8) -176.77 0(8) C(8) C(9) 11(9) -67.81 CC?) C(8) C(9) H(9) 50.16 11(8) C(8) C(9) 0(91) 52.43 11(8) C(8) C(9) C(i0) -64.98 11(8) C(8) C(9) 11(9) 172.48 0(91) C(9) C(10) H(10) -44.18 C(8) C(9) COO) 8(10) 72.67 H(9)   0(101) -65.22 8(9) C(9) C(10) Ccli) 72.45 8(9) C(9) C(10) NOW -164.79 0(101) COO) C01) 11(11) 45.87 C(9) COO) COI) 11(11) -71.32 11(10) COO) C(11) 0(111) 44.79 H(10) C(10) COI) C(12) -71.81 11(10) C(10) C(11) H(11) 165.97 0(111) C(11) C(12) 11(12) -54.26 C(10) C(11) C(12) 11(12) 63.14 11(11) C(il) C(12) 0(8) 65.70 H(li) C(li) C(12) C(13) -52.67 11(11) C(11) C(12) 11(12) -174.65 0(8) CO2) C(13) H(13A) -163.01 0(8) CO2) C(13) H(138) -42.96 Ccii) C(12) C(13) H(13A) -43.63 Ccli) C(12) C(13) 11(138) 76.41 11(12) C(12) C(13) 0(131) -41.65 11(12) CO2) C(13) H03A) 78.35 11(12) C(12) C(13) 11(138) -161.60 0(1) C04) C(141) H(14A) 68.80 0(1) C(14) C041) 11(148) -51.14 0(1) C(14) C(141) H(14C) -171.30 0(2) C(14) C(141) H(14A) -179.57 0(2) C(14) C(141) 14048) 60.49 0(2) C04) C(141) 8(14C) -59.67 C(142) C(14) C(141) H(14A) -54.55 C(142) C(14) C(141) H(i4B) -174.49 C(142) C(14) C(141) H(140 65.35 0(1) C(14) C(142) 11(140) -67.34 0(1) C(14) C(142) H(14E) 172.60 0(1) C(14) C(142) H(14F) 52.60 0(2) C(14) C(142) 11(140) 178.79 0(2) C(14) C(142) H(14E) 58.73 0(2) C(14) C(142) H(14F) -61.27 C(141) C(14) C(142) 11(140) 55.17 C(141) C(14) C(142) #(14E) -64.89 C(141) C(14) C(142) H(14F) 175.11 C(32) C(33)  8(34) 2.28 C(38) C(33) C(34) 11(34) 179.79 C(32) C(33) C(38) H(38) -1.74 C(34) C(33) C(38) 11(38) -179.15 C(33) C(34) C(35) 11(35) 179.13 11(34) C(34) C(35) C(36) 179.09 11(34) C(34) C(35) 8(35) -0.92 C(34) C(35) C(36) 11(36) -178.36 11(35) C(35) C(36) C(37) -178.49 8(35) C(35) C(36) 11(36) 1.65 C(35) C(36) C(37) H(37) 178.95 H(36) C(36) CC37) C(38) 178.85 H(36) C(36) C(37) 11(37) -1.19 C(36) C(37) C(38) H(38) 179.77 8(37) C(37) C(38) C(33) 179.92 H(37) C(37) C(38) 11(38) -0.19 0(91) C(91) C(92) H(92A) 1.36 0(91) C(91) C(92) H(92B) -118.62 0(91) C91) C(92) H(92C) 121.41 0(92) C(91) C(92) H(92A) -179.34 0(92) C(91) C(92) H(928) 60.68 0(92) C(91) C(92) H(92C) -59.29 0(101) C001) C002) H(1OA) -1.51 0(101) C001) C(102) H(1OB) -121.40 0(101) C001) C(102) H(1OC) 118.57 0(102) C(lOi) C(102) H(1OA) -179.91 0(102) C(iOl) C(102) H(1OB) 60.21 0(102) C001) C002) H(iOC) -5982 0(111) Cdiii) C012) H(11A) -0.66 0(111) C(ill) C012) H(liB) -120.65 0(111) C(lll) C012) H(liC) 119.44 0(112) C(iii) C(112) H(11A) -178.76 0(112) Cclii) C(112) H(11B) 61.25 0(112) Cclii) C(112) H(11C) -58.67 0(131) C(131) C(132) H(13C) 178.60 0(131) C031) C(132) 8(130) 58.55 0(131) C(131) C(132) H(13E) -61.49 0(132) C031) C(132) H(13C) -0.46 0(132) C(131) C(132) 11(130) -120.49 0(132) C(131) C(132) H(13E) 119.47 
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